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(57) Abstract 

Compounds of formula (I) wherein R, R8 and R6 are possibly substituted phenyl, pyridine, thiophene, furan, naphtha- 
lene, etc.; R> and R2 are each independently hydrogen or alkyl of from 1 to 4 atoms; R and R2, when joined by a bond, can 
form a ring; X is a wherein R>i is hydrogen or alkyl of from 1 to 3 carbon atoms; R3 is hydrogen or (CH2)mR^^ where m is 
an integer of from 1 to 6 and Ri3 is H, CN, NH2, N(CH3)2, or NHCOCH3; n is an integer of from 1 to 2; Y is p wherein R4 
is hydrogen or alkyl of from 1 to 3 carbon atoms, -CO2-, etc. ; R5 and R'7 are each independently hydrogen or alkyl of from 1 
to 4 carbon atoms ; q is an integer of from 0 to 1. The compounds are nonpeptide tachykinin antagonists and are expected to 
be especially useful in asthma and rheuniatoid arthritis. 
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TACHYKININ ANTAGONISTS 
BACKGROUND OF THE INVENTION 

5 

Over the last decade, major advances have been 
made in the understanding of the biology of the 
mammalian tachykinin neuropeptides. It is now well 
established that substance- P (1) , neurokinin A (NKA) 

10 (2), and neurokinin B (NKB) (3), all of which share a 

common C- terminal sequence Phe-X-Gly-Leu-Met-NHj, 
(Nakanishi S, Phvsiol Rev 1987;67:117) , are widely 
distributed throughout the periphery and central 
nervous system (CNS) where they appear to interact with 

15 at least three receptor types referred to as NK^, NKj, 
and NK3, (Guard S, et al., Neuroaci Int 1991;18:149) . 
Substance-P displays highest affinity for NK^ 
receptors, whereas NKA and NKB bind preferentially to 
NK2 and NK3 receptors, respectively. Recently, all 

20 three receptors have been cloned and sequenced and 

shown to be members of the G- protein -linked "super 
family" of receptors (Nakanishi S, Annu Rev Neurosci 
1991; 14: 123) . A wealth of evidence supports the 
involvement of tachykinin neuropeptides in a variety of 

25 biological activities including pain transmission, 

vasodilation, smooth muscle contraction, 
bronchoconstriction, activation of the immune system 
(inflammatory pain) , and neurogenic inflammation 
(Pemow B, Pharmacol Rev 1983;35:85). However, to 

30 date, a detailed understanding of the physiological 
roles of tachykinin neuropeptides has been severely 
hainpered by a lack of selective, high affinity, 
metabolically stable tachykinin receptor emtagonists 
that possess both good bioavailability and CNS 

35 penetration. Although several tachykinin receptor 
antagonists have been described (Tomczuk BE, et al.. 
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Current Qpiniong in Therapeutic Patents 1991;1:197), 
most have been developed through the modification 
and/or deletion of one or more of the amino acids that 
coit5)rise the endogenous maunmalian tachykinins such that 
5 the resulting molecules are still peptides that possess 
poor pharmacokinetic properties and limited in vivo 
activities. 

However, since 1991, a number of high-affinity 
nonpeptide antagonists have been reported. Snider RM, 

10 et al, ( Science 1991;251:435) , and Garret C, et al, 

( Proc Natl Acad Sci 1991; 88 : 10208) , described CP-96,345 
and RP 67580, respectively, as antagonists at the NK^ 
receptor, while Advenier C, et al,, (Brit J Pharmacol 
1992 ; 105: 78) , presented data on SR 48969 showing its 

15 high affinity and selectivity for NKj receptors. It is 

of interest that most of the nonpeptide tachykinin 
receptor antagonists described to date arose, either 
directly or indirectly, out of the screening of large 
compound collections using a robust radioligand binding 

20 assay as the primary screen. Recently, FK 888, a 

""dipeptide" with high affinity for the NK^^ receptor was 
described (Fujii J, et al.. Neuropeptide 1992;22:24). 

International Publication Numbers WO 93/01169, 
WO 93/01165, and WO 93/001160 cover certain nonpeptide 

25 tachykinin receptor antagonists. 

Substance- P is widely distributed throughout the 
periphery and central nervous system. It is believed 
to mediate a variety of biological actions, via an 
interaction with three receptor types referred to as 

30 NKj^, NKj, and NK3, including smooth muscle contraction, 

pain transmission, neuronal excitation, secretion of 
saliva, angiogenesis , broncho- constriction, activation 
of the immune system and neurogenic inflammation. 

Accordingly, compounds capable of antagonizing the 

35 effects of substance- P at NK^^ receptors will be useful 

in treating or preventing a variety of brain disorders 
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including pain, anxiety, panic, depression, 
schizophrenia, neuralgia, and addiction disorders; 
inflammatory diseases such as arthritis, asthma, and 
psoriasis; gastrointestinal disorders including 
5 colitis, Crohn's disease, irritable bowel syndrome, and 

satiety; allergic responses such as eczema and 
rhinitis; vascular disorders such as angina and 
migraine; neuropathological disorders including 
Parkinson's disease, multiple sclerosis, and 

10 Alzheimer's disease; and ophthalmic diseases including 
scleroderma* 

The compounds of the invention, NK^^ receptor 
antagonists, are useful as anti- angiogenic agents for 
the treatment of conditions associated with aberrant 

15 neovascularization such as rheiimatoid arthritis, 

atherosclerosis, and tiunor cell growth. They will also 
be useful as agents for imaging NK^^ receptors in vivo 
in conditions such as ulcerative colitis and Crohn's 
disease . 

20 

SUMMARY OF THE INVENTION 

The invention covers tachykinin antagonists* The 
25 confounds are nonpeptides which have proved to be 

highly selective and functional tachykinin antagonists. 
These compounds are unique in the alkylation/ 
substitution pattern along their back boiie. 

Compounds of the invention are those of forxmila 



30 




I 



or a pharmaceutically acceptcible salt thereof wherein 
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R is phenyl, 

pyridine, 
thiophene , 
furan, 

5 naphthalene, 

indole, 

benzof uran , or 

benzothiophene each iinsubstituted, 
mono-, di-, or trisubstituted by 
10 alkyl, 

hydroxy, 

alkoxy, 

NO2, 

halogen, 

IS NH2 , or 

CF3; 

and R^ are each independently hydrogen., or alkyl 
of from 1 to 4 atoms; 

R and R^, when joined by a bond, can form a ring; 
20 O 

X is -0-C-NR^^ wherein R^^ is hydrogen or alkyl of 
. from 1 to 3 carbon atoms; 

R^ is hydrogen or (CH2)„R^^ where m is an integer 
25 of from 1 to 6 and r" is H, OI, NHj, NCCHjjj, or 

NHCOCH3 ; 

n is an integer of from 1 to 2; 
R® is phenyl, 

pyridine, 
30 thiophene, 

f uran , 

naphthalene, 
indole, 

benzof uran, or 
35 benzothiophene each unsubstituted, or 
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mono- , di-, or trisubstituted by 
alkyl, 
hydroxy, 
alkoxy, 
NO2, 



halogen, 
CF, 



NH2, or 



3' 

O R* 

10 i I 

Y is -C-N- wherein R* is hydrogen or alkyl of frcan 

1 to 3 carbon atoms, 

-CO2-, 

-COCH2-, 

15 -CHjO-, 

-CH2NH- , 

-CH=CH-, 

-CH2CH2- , 

-CHOHCHj-, 

20 

N-B 

D-E ^^d'^ 

wherein B is nitrogen, 
25 CH, CHj, oxygen, or sulfur, D is 

nitrogen, oxygen, or sulfur, E is 
nitrogen or CH, CH2, p is an integer of 
from 3 to 4, and the dotted line 
indicates a double or single bond; 
30 and R*^ are each independently hydrogen or alkyl 

of from 1 to 4 carbon atoms; 

q is an integer of from 0 to 1; and 
R^ is phenyl, 
pyridine, 
35 thiophene, 

furan, 

naphthalene. 
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Indole, 

benzofuran, or 

benzothiophene each unsubstituted, or 
mono-, di-, or trisubstituted by 

alkyl, 

hydroxy, 

alkoxy, 

NO2, 



10 NH2, or 



halogen, 
NH2 
CF. 



'3' 

Straight alkyl of from l to 8 carbons, branched 
alkyl of from 3 to 8 carbons, cycloalkyl of from 
5 to 8 carbons, or heterocycloalkyl . 
15 Other cyclic derivatives of Formula I are 

conten5>lated such as would occur to one skilled in the 

art. 

Prodrugs of the sibove are also conteit^lated such 
as would occur to one skilled in the art, see 
20 Bundgaard, et al.. Acta Pharm Suec , 1987;24:233-246. 

For example, where a suitable moiety has been attached 
to the linker X or Y or the indole N. 

Preferred compounds of the invention are those of 
Formula I above wherein 
25 R is pyridine, 

thiophene, 
furan, 

naphthalene, 
indole, 

30 benzofuran, or 

benzothiophene each unsubstituted, 
mono-, di-, or trisxibstituted by 
alkyl, 
hydroxy, 
35 alkoxy, 

NO2, 
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halogen, 
NH2, or 
CF3; 

and are each independently hydrogen or alkyl 
5 of from 1 to 4 atoms; 

R and R^, when joined by a bond, can form a ring; 

0 

II 11 

X is -0-C-NR^^ wherein R^^ is hydrogen or alkyl of 
10 from 1 to 3 carbon atoms; 

R^ is hydrogen or (CH2)n,R^^ where m is an integer 
of from 1 to 6 and R^^ is H, CN, NHj, N(CH3)2, or 
NHCOCH3 ; 

n is an integer of from 1 to 2; 
15 R® is phenyl, 

pyridine , 
thiophene, 
furan, 

naphthalene, 
20 indole, 

benzofuran, or 

benzothiophene each unsubstituted, or 
mono-, di-, or trisiibstituted by 
alkyl, 

25 hydroxy, 

alkoxy, 
NO2, 

halogen, 
NH2, or 
30 CP3; 

0 R^ 
. II ' 

Y IS -C-N- Wherein R* is hydrogen or alkyl of from 
1 to 3 carbon atoms, 
35 -CO2-, 

-COCH2-, 
-CH2O-, 
-CHjNH- , 
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-CH=CH- , 

•CH2CH2-, 

■CHOHCH2-, 

N-B 

IT . or ^viCH2)p 
D-E /^D'^ 



10 



wherein B is nitrogen, 
CH, CH2, oxygen, or sulfur, D is nitrogen, 
oxygen, or sulfur, E is nitrogen, CH, CH 



■2' 



p is an integer of from 3 to 4, and the 
dotted line indicates a double or single 
bond; 

r5 and r'' are each independently hydrogen or alkyl 
15 of from 1 to 4 carbon atcxns; 

q is an integer of from 0 to l; and 
is phenyl, 
pyridine, 
thiophene, 
20 furan, 

naphthalene, 
indole, 

benzofuran, or 

benzothiophene each unsxabstituted, or 
mono-, di-, or trisvibstituted by 

alkyl, 

hydroxy, 

alkoxy, 

NO2, 

halogen, 
NHj, or 
CP3; 

straight alkyl of from l to 8 carbons, branched 
alkyl of from 3 to 8 carbons, cycloalkyl of from 
5 to 8 carbons, or heterocycloalkyl ; 
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More preferred compounds of the invention are 
those of Formula I above wherein 
R is phenyl 

pyridyl , 
5 thiophene , 

f uran , 

naphthalene, 

indole each unsubstituted, or 
mono- or disubstituted by alkyl of l to 
^° 3 carbons, methoxy, ethoxy, chlorine, 

fluorine, NHj, or CF3; 
and R^ are each independently selected from 
hydrogen and methyl; 
O 



15 



30 



X is -OC-NR^^ wherein R^^ is hydrogen or methyl; 



R-* is hydrogen or (CH2)„R^3 ^here m is an integer 
of from 1 to 6 and R^^ jj^ j^jj^^ N{CH3)2, 

20 or NHCOCH3; 

n is 1; 

is phenyl, 
naphthyl , 
indole, or 
25 benzothiophene ; 

0 R^ 

Y is -C-N- wherein R* is hydrogen or methyl 



-CO2-, 



N— B 

^ Jl_ wherein B is CH, CHj, D is 

sulfur, and E is CH, CHj; 

R^ and r"^ are each independently hydrogen or 
35 methyl; 

q is an integer of from 0 to l, and 
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is phenyl, 

substituted phenyl, or 
cyclohexyl . 

Still more preferred compounds of the invention 
5 are those of Formula I wherein 

R is phenyl 

thiophene, 

furan, 

each unsubstituted, or mono- or disubstituted 
^° l>y alkyl of 1 to 3 carbons, met hoxy, ethoxy, 

chlorine, fluorine, NH2, or CF3; 
R^ and R^ are each independently hydrogen or 
methyl ; 

O 



15 



X is -0-C-NH- 



R^ is hydrogen or methyl; 
n is 1; 
20 r8 is indole; 

O O 

Y is -C-NH- or -C-NCH3-; 

25 R^ and R*^ are each independently hydrogen or 

methyl ; 

q is 1; 

R^ is phenyl, 

substituted phenyl, or 
30 cyclohexyl. 

Still more especially preferred compounds of the 
invention are: 

phenylmethyl (S) - [1- (lH-indol-3-ylmethyl) - 
2- [methyl (phenylmethyl) amino] -2-oxoethyl] carbamate; 
35 phenylmethyl [R- (R*S*) ] - [1- (lH-indol-3-ylmethyl) - 

2-0x0-2- [ (1-phenylethyl) amino] ethyl] carbamate; 

phenylmethyl [S-R*,R*) ] - [i- (lH-indol-3-ylmethyl) - 
2-0x0-2- t (1-phenylethyl) amino] -ethyl] carbamate; 
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phenylmethyl [R- (R*,S*)] - [1- (lH-indol-3-ylmethyl) - 

1- methyl-2-oxo-2- [ (1-phenylethyl) amino] ethyl] carbamate; 

phenylmethyl [S- (R*,R*) ] - [1- (lH-indol-3-ylmethyl) - 

2 - oxo - 2 - [ ( 1 - plienylethyl ) amino] etliyl ) metliyl ] carbamate ; 

5 phenylmethyl [S- (R*,S*) ] - [l- (lH-indol-3-ylmethyl) - 

2- OXO-2- [ { 1-phenylethyl) amino] ethyl ] methylcarbamate ; 

(4 -chlorophenyl) methyl (S) - [1- (IH-indole- 

3 - ylme thy 1 ) - 2 - oxo - 2 - [ ( phenylmethyl ) amino] ethyl ] methyl ] - 
carbamate ; 

10 (4 -methoxyphenyl) methyl [R- (R*,S*) ] - [1- (IH-indol- 

3- ylmethyl) -l-methyl-2-oxo-2- [ (1-phenylethyl) amino] - 
ethyl ] carbamate ; 

(4 -chlorophenyl) methyl [R- (R*,S*) ] - [1- (IH-indol- 
ethyl] carbamate; 
15 ( 4 -methylphenyl) methyl [R- (R*,S*) ] - [1- (IH-indol- 

3-ylmethyl) -l-methyl-2-oxo-2- [ (1-phenylethyl) amino] - 
ethyl ] carbamate ; 

phenylmethyl (S) - [1- (lH-indol-3-ylmethyl) - 
2- [methyl (phenylmethyl) amino] -2-oxoethyl] carbamate; 
2 0 phenylmethyl (S)-[2-[t(4- chlorophenyl ) methyl ] - 

amino] 1- (lH-indol-3-ylmethyl) -2-oxoethyl] - 
methylcarbamate ; 

phenylmethyl (S) - [1- (lH-indol-3-ylmethyl) -2-oxo- 
2 - [ [ [4- (trifluoromethyl)phenyl]methyll amino] ethyl] - 
25 methylcarbamate; 

methyl N- [ (phenylmethoxy) carbonyl] - , 
t3,5-bis (trifluoromethyl) phenyl] -L- tryptophan; 

phenylmethyl [ 1 - (IH- indol - 3 -ylmethyl ) - 1 -methyl - 
2 - [ [1- (4-methylphenyl) ethyl] amino] -2-oxoethyl] - 
30 carbamate; 

phenylmethyl [R- (R*,R*) ] - [2 - [ (1-cyclohexylethyl) - 
amino] -1- (IH- indol -3 -ylmethyl) -1 -methyl -2-oxoethyl] - 
carbamate; 

phenylmethyl [2 - [ [ 1 - [3 , 5 -bis ( trifluoromethyl ) - 
3 5 phenyl ] ethyl ] amino] - 1 - ( IH- indol - 3 -ylmethyl ) - 1 -methyl - 
2 - oxoethyl] carbamate ; 



wo 94/04494 



PCr/US93/075S2 



-12- 

phenylme thyl ( R , RS ) - [ 1 - ( IH - indol - 3 - ylme thyl ) - 
2- [ [1- (4-methoxyphenyl) ethyl] amino] -1-methyl- 

2 - oxoethyl ] carbamate ; 

4-pyridinylmethyl [R- (R*,S*) ] - [1- (IH-indol- 
5 3-ylmethyl) -l-methyl-2-oxo-2- [ (1-phenylethyl) amino] - 
carbamate ; 

3 - thienylmethyl [R- (R*,s*) ] - [i- (iH-indol- 

3- ylmethyl) -1 -methyl -2 -oxo-2- [ (1-phenylethyl) amino] - 
ethyl] carbamate; 

10 2 -thienylmethyl [R- (R*,S*) ] - [1- (iH-indol- 

3-ylmethyl) -l-methyl-2-oxo-2- [ (1-phenylethyl) amino] - 
ethyl ] carbamate ; 

2,3-dihydro-lH-inden-3-yl [R- (R*,S*) ] - 
tl- (IH- indol -3 -ylme thyl) - 1 -methyl -2 -oxo- 

15 2 - [ (phenylethyl ) amino] ethyl ] carbamate ; 

1- naphthalenylmethyl [R- (R*,S*) ] - [i- (iH-indol- 
3-ylmethyl) -l-methyl-2-oxo-2- [ (phenylethyl) amino] - 
ethyl] carbamate; 

2,3-dihydro-lH-inden-2-yl [l- (iH-indol- 
20 3 -ylmethyl) -1 -methyl- 2 -oxo-2- [ (phenylethyl) amino] - 
ethyl] carbamate; 

(2 -fluorophenyl) methyl [R- (R*,S*) ] - [l- (IH-indol- 
3-ylmethyl) -l-methyl-2-oxo-2- [ (phenylethyl) amino] - 
ethyl] carbamate; 
25 3 - f uranylmethyl [R- (R*,S*) ] - [1- (IH-indol- 

3-ylmethyl) - l-methyl-2-oxo-2- [ (phenylethyl) amino] - 
ethyl] carbamate; 

2- furanylmethyl [R- (R*,S*) ] - [1- (IH-indol- 

3 -ylmethyl) -l -methyl -2 -oxo-2- [ (phenylethyl ) amino] - 
3 0 ethyl ] carbamate ; 

(3 -fluorophenyl) methyl [R- (R*,S*) ] - [1- (IH-indol- 
3 -ylmethyl) -1 -methyl -2 -oxo-2- I (phenylethyl) amino] - 
ethyl ] carbamate ; 

(2,3- dif luorophenyl ) methyl [R- ( R* , S * ) ] - 
35 [1- (IH- indol -3 -ylmethyl) -l-methyl-2-oxo- 

2 - t (phenylethyl ) emiino] ethyl ] carbamate ; 



wo 94/04494 



PCr/US93/07552 



-13- 

(4 -fluorophenyl) methyl [R- {R*,S*) ] - [1- {IH-indol- 
3-ylmethyl) -l-methyl-2-oxo-2- [ (phenylethyl) amino] - 
ethyl] carbamate; 

(2,4-difluorophenyl)methyl [R- (R*,S*) ] - 
5 [1- (lH-indol-3-ylmethyl) - 1 -methyl -2 -oxo- 

2- [ (phenylethyl) amino] ethyl] carbonate; 

(2,5-difluorophenyl)methyl [R- (R*,S*)] - 
[1- (lH-indol-3-ylmethyl) - 1 -methyl -2 -oxo- 
2- [ (phenylethyl) amino] ethyl] carbamate; 
10 phenylmethyl [R-{R*,S*)] and [S-(R*,R*)]- 

[1- (lH-indazol-3-ylmethyl) -2-oxo-2- [ (1 -phenylethyl) - 
amino] ethyl] carbamate; 

phenylmethyl [R-(R*,S*)] and [S-(R*,R*)]- 
tl- [ (5-fluoro-lH-indol-3-yl)methyl] -2-oxo- 
15 2 - [ (1 -phenylethyl) amino] ethyl] carbamate; 

phenylmethyl [1- (1 -methyl -IH-indol- 3 -ylmethyl) - 
2-OXO-2- [ (1 -phenylethyl) amino] ethyl] carbaumate; 

phenylmethyl [R- (R*,S*) 1 - [1- (2-naphtlialenyl- 
methyl) -2-oxo-2- [ (1 -phenylmethyl) amino] ethyl] carbamate; 
20 1- phenylethyl (S) -N- [ (phenylmethoxy) carbonyl] - 

DL- tryptophan, (S) - ; 

phenylmethyl [1- (benzo [b] thien- 3 -ylmethyl) - 
l-methyl-2-oxo-2- t (1-phenylethyl) amino] ethyl] carbamate. 

Another aspect of the invention is a 
25 pharmaceutical composition comprising an amount of a 
compound according to Formula I effective to treat 
respiratory disorders in a mammal suffering therefrom, 
and a pharmaceutically acceptable carrier, 

Another aspect of the invention is a method for 
30 treating respiratory disorders in a mammal such as a 

hiunan comprising administering a therapeutically 
effective amotint of a compound according to Formula I. 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
35 coicqpound according to Formula I effective to treat 
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inflammation in a mammal suffering therefrom, and a 
pharxnaceutically acceptable carrier. 

Another aspect of the invention is a method for 
treating inflammation in a mammal such as a human 
coir^^rising administering a therapeutically effective 
amount of a compound according to Formula I. 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
compound according to Formula I effective to treat 
gastrointestinal disorders in a mammal suffering 
therefrom, and a pharmaceutically acceptable carrier. 

Another aspect of the invention is a method for 
treating gastrointestinal disorders in a mammal such as 
a hxaman coiiprising administering a therapeutically 
effective amount of a compound according to Formula I. 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
compound according to Formula I effective to treat eye 
diseases such as dry eye and conjunctivitis in a mammal 
suffering therefrom, and a pharmaceutically acceptable 
carrier. 

Another aspect of the invention is a method for 
treating eye diseases in a mammal such as a human 
comprising administering a therapeutically effective 
amount of a compound according to Formula I. 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
compound according to Formula I effective to treat 
allergies in a mammal suffering therefrom, and a 
pharmaceutically acceptable carrier. 

Another aspect of the invention is a method for 
treating allergies in a mammal such as a human 
comprising administering a therapeutically effective 
amount of a compound according to Formula I. 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
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compound according to Formula I effective to treat 
diseases of the central nervous system in a mammal 
suffering therefrom, and a pharmaceutically acceptable 
carrier. 

Another aspect of the invention is a method for 
treating diseases of the central nervous system in a 
mammal such as a human comprising administering a 
therapeutically effective amount of a compound 
according to Formula !• 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
compound according to Formula I effective to treat 
migraine in a mammal suffering therefrom, and a 
pharmaceutically acceptable carrier. 

Another aspect of the invention is a method for 
treating migraine in a mammal such as a human 
comprising administering a therapeutically effective 
amount— of a conqpound according to Formula !• 

Another aspect of the invention is a 
pharmaceutical conposition comprising an amount of 
compound according to Formula I effective to treat pain 
arising from neurogenic inflammation or inflammatory 
pain . 

Another aspect of the invention is a method for 
treating pain such as pain arising from neurogenic 
inflammation in inflammatory pain status. 

Another aspect of the invention is a 
pharmaceutical composition comprising an amount of a 
compound according to Formula I effective in treating 
conditions associated with aberrcuat neovascularization: 
rhetimatoid arthritis, atherosclerosis, and tumor cell 
growth. 

Another aspect of the invention is a method of 
treating conditions associated with aberrant neovascu- 
larization: rheumatoid arthritis, atherosclerosis, and 
tumor cell growth. 



wo 94/04494 



PCr/US93/07552 



-16- 

Another aspect of the invention is using the 
compounds as imaging agents for imaging NK^ receptors 
in vivo. 

Processes for preparing the compounds and novel 
intermediates are included in the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

10 The following terms are descriptive of the 

compounds of the instant invention. 

The alkyl groups contemplated by the invention 
include straight, branched, or cyclic carbon chains of 
from 1 to 8 carbon atoms except where specifically 

15 stated otherwise. Representative groups are methyl 

ethyl, propyl, isopropyl, n-propyl, n-butyl, iso-butyl, 
sec-butyl, 2-methylhexyl, n-pentyl, 1-methylbutyl, 
2,2-dimethylbutyl, 2-methylpentyl, 2,2-dimethylpropyl, 
n-hexyl, and the like. 

20 The cycloalkyl groups contemplated by the 

invention comprise those having 3 to 6 carbon atoms. 

The alkoxy groups contemplated by the invention 
comprise both straight and branched carbon chains of 
from 1 to 6 carbon atoms unless otheirwise stated. 

25 Representative groups are methoxyl, ethoxy, propoxy, 
i-propoxy, t-butoxy, and hexoxy. 

The term halogen is intended to include fluorine, 
chlorine, bromine, and iodine. 

The term aryl is intended to include substituted 

30 or unsubstituted phenyl, naphthyl, biphenyl, and 
indanyl. The substituents include one or more 
svibstituents such as halogens, nitro, alkyl, alkoxy, 
alkyl thio, hydroxy, trifluoromethyl, and others as 
specified or as would occur to one skilled in the art. 

35 The term arylalkyl is as described above for the 

two terms individually. 
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The term heterocyclic conprises sxibstituted or 
unsubstituted pyridyl, 2- or 3-indolyl, thienyl, 
quinolyl, furanyl, isoquinolyl, benzof uranyl , and 
benzothiophenyl . 
5 The term amide/ester replacement refers to such 

moieties as ketomethylene. methyleneoxy, tetrazole, 
1,2,4-oxadiazole, and thiazole, etc. See for example 
Fincham, et al, J Med r!h«»m 1992;35:1472-1482 or 
Saunders, et al., J Med Chf^m, 1990;33:1128-1138. 

^° ^® compounds of the instant invention are highly 

selective antagonists of the tachykinin receptor. 

One such compound (Ex. is) is an antagonist of the 
NKi receptor in contrast to substance -P methyl ester 
which is a known selective NK^ receptor agonist. See 

15 Tcible I below. 



20 



25 



30 



35 



40 



TABLE I 

NKt Antagonist Activity 



Excut^le 


Guinea Pig 
Trachea* 


Guinea Pig 
Ileum'=> 


15 


7.4 


7.8 


20 


7.0 


7.7 


22 


7.0 


7.8 


45 


7.2 


8.0 


47 


7.3 


8.4 


53 


8.1 


8.6 


54 


7.9 


8.3 



1988; 22: 93. 

McKnight AT, et al., Br J PhaT-ma r-m 
1991;104:355-60. 



As can be seen from the data in Table I above, the 
compounds of the invention (for exan?>le, Ex. 15), is a 
tachykinin NK^ receptor antagonist in a number of 
in vitro NK^ preparations, i.e., it antagonizes the 
pharmacological action of the selective NK^ receptor 
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agonist substance -P methylester on these tissues with a 
pKg of about 8, Therefore, it could be of use in 
therapeutic disorders where attenuation of the NK^^ 
receptor response is an appropriate form of 

5 intervention. 

These compounds are active in vivo as NK^^ receptor 
antagonists (see Table II) . They antagonize the 
ability of a NK^^ receptor selective agonist (SPOMe) to 
induce plasma protein extravasation in the guinea pig 

0 bladder. The protocol is similar to that described by 

Eglezos, et al,, Eur J Pharmacol 1991;209:277-279. 



TABLE II 



~15 



Guinea Pig 


Plasma Extravasation 


Exaziqple 


ID^n (mg/kg IV) 


22 


0.64 


45 


0.61 


47 


0.13 


53 


0.071 


54 


0.051 



The compounds of the invention were also evaluated 
25 in three tachykinin binding assays. For the NK^^ 

receptor measurement of the binding of [^^^I-BH] . 
Substance-P, 0.1 nM to guinea pig cerebral cortex 
membranes was measured as in Lee CM, et al, Eur J 
Pharmacol 1986; 130: 209 and in Br J Pharmacol 
30 1990;99:767. 

For the NKj receptor measurement of the binding of 
[X25jj . jLodohistidyl neurokinin A (0.1 nM) to hamster 
urinary bladder membrane was measured as described in 
Buck, Shatzer Life Sci 1988 ; 42 ; 2701. 
35 For the NK3 receptor measurement of the binding of 

[^H] -Senktide (2 nM) to a guinea pig cerebral cortex 
membrane was taken as described in Lee CM, above. 
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10 



See Table III below for the binding data for 
representative confounds of the invention. This table 
shows in vitro NKj^ receptor binding data for certain 
compoxinds of the invention. 



TABLE III 

In Vitro nKt Receptor Binding Data 
Example 

IC.. p (nM) 



15 



20 



25 



30 



35 



40 



X 


341 


3 


218 


4 


198 


6 


75 


7 


306 


15 


36 


16 


702 


20 


64 


21 


27 


22 


17 


23 


168 


24 


185 


27 


306 


29 


487 


35 


233 


36 


70 


37 


290 


38 


100 


39 


10,000 


40 


210 


41 


>10,000 


42 


140 


43 


100 


44 


110 


45 


14 


46 


110 


47 


10 


48 


230 


49 


120 


50 


120 


51 


230 


52 


49 


53 


39 


54 


19 


55 


>1000 
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TABLE III (cont.) 



5 



Example 


Binding 
IC.„ (nM) 


56 


3200 


57 


3400 


58 


1700 


60 


>1000 



Table II shows the concentration of the compounds 
10 of the instant invention which is needed to displace 
50% of a specific radioligand ( [^^Sjj Bolton Hunter 
labeled Substance- P) from tachykinin NK^ receptor sites 
in guinea pig cerebral cortex membranes. It is a 
measure of the affinity these coiipoxinds have for this 
15 receptor. 

As can be seen from the binding data above, 
several of these compounds have high affinity for the 
NK^ receptor. 

Compounds of the invention are expected to be 
20 useful in treating disorders mediated by tachykinins 

such as respiratory disorders, especially asthma. 

They are also expected to be useful in treating 
inflammation such as arthritis, gastrointestinal 
disorders such as colitis, Crohn's disease, and 
25 irritable bowel syndrome. 

They are further expected to be useful in treating 
and/or preventing eye diseases such as dry eye and 
conjunctivitis . 

They are further expected to be useful in treating 
30 allergies such as rhinitis (common cold), and eczema. 

The compounds are expected to treat vascular 
disorders such as angina and migraine. 

They are further expected to be useful in 
preventing and/or treating diseases of the central 
35 nervous system such as schizophrenia. 

Scheme I below illustrates the synthesis of 
Examples 1-8 and 35, CBZ-Trp-OPFP (carbobenzoxy-Trp- 



wo 94/04494 



PCr/US93/07552 



-21- 

pentafluorophenyl) was treated with N-methyl 
benzylamine in EtOAc to give Examples 1-3 when using 
the appropriate tryptophan stereochemistry (i.e.. 
Example 2 uses R-Trp etc). Examples 4-8 were prepared 
using the same pentaf luorophenyl ester of tryptophan as 
above but this time it was reacted with RS,R or 
S a-methylbenzylamine using EtOAc as the solvent. The 
compound of Example 35 was prepared by reacting the 
above PFP ester with 3,5 di- CF3 benzyl alcohol. 
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SCHEME I 



10 



15 



20 





PhCHjOCOHNT^CON (Me ) CHj Ph 



Example Number • 

1 RS 

2 R 

3 S 



Ex. 35 



PhCHsOCOHN' ^COaPfP PhCHsOCOHN^CO, 

I 




CH2{3,5-diCF3)Ph 



PhCHaCXrOHW^CONHCH (Me) Ph 



Example Number 



4 

5 
6 
7 
8 



RS RS 

R R 

R S 

S s 

S R 



25 Heagenns: a, PhCH,N(Me,H; b, PhCH,Me,NH,; c, (3, S-diCFa) PhCH.OH 



30 



- 35 
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In Scheme II (see below) the versatile 
intermediate, CBZ- tryptophanyl pentaf luorophenyl ester 
was treated with a variety of arylmethylamines • 
Example 9 was prepared using 4-chlorobenzylamine in 
5 ethyl acetate. Similarly, Example 10 was prepared 

using 1,2,3,4-tetrahydronaphthyl-l-cimine under similar 
conditions to that for Example 9 . Toother versatile 
intermediate shown in Scheme II is the N- terminal 
unprotected tryptophanyl benzylamide, treatment of this 
10 in dry dichloromethane with 1- phenyl ethanol in the 

presence of 4-nitrophenylchlorof ormate yielded 
Exaxi^le 11. 
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SCHEME II 



5 



10 



15 



20 




25 

Example 11 • = RS, ▲ = RS 

Reagents: a) ArCH2NH2; b) 1, 2 , 3 , 4-tetrahydronaphthy,l-l-amine; 

c) 1-phenylethanol and nitrophenylchlorof ormate 

30 



35 
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Scheme III below outlines the synthesis of 
Examples 12-18, of-Methyl tryptophan methylester was 
initially treated with benzyl chloroformate in aqueous 
1,4-dioxane and in the presence of base to give the 
CBZ-protected ester. This ester was then saponified 
with lithium hydroxide to the corresponding acid which 
was then treated with dicyclohexylcarbodiimide (DCC) in 
the presence of pentaf luorophenol (PFP-OH) to give 
CBZ-Qf-methyl tryptophan pentaf luorophenyl ester. This 
active ester was treated with benzylamine to give 
Example 12. The same ester was also treated with 
N- me thy Ibenzy lamina to yield Example 13. 
Examples 14-18, 36, 37, 38, 39, and 40 were prepared 
again from this PFP-ester using the appropriate amine. 
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SCHEME III 



5 



10 




20 



25 



Le Number 


• 


■ 


Ri 


12 


RS 






13 


R 






14 


R 


RS 


4ClPh 


15 


R 


S 


Ph 


16 


S 


S 


Ph 


17 


S 


R 


Ph 


18 


R 


R 


Ph 


36 


R 


R or S 


4-CH3Ph 


37 


R 


R or S 


4-CH3Ph 


38 


R 


S 


c-Hexyl 


39 


R 


R,S 


(3,5-diCF3)Ph 


40 


R 


R,S 


4-OCH3Ph 



30 



Reagents: a) i. PhCHjOCOCl; ii. LiOH; iii. DCCPfP; 

b) PhCHjNHj; c) PhCH2N(Me)H; d) RiCH(Me)NH2 



,35 
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The synthetic routes described in Scheme IV below 
involve the very useful intermediate of-methyltrypto- 
phanyl-i-phenethylamide which can be synthesized from 
Example 15 by hydrogenation of the CBZ-N- terminal 
protecting group using Pearlmans catalyst in ethanol. 
This free amine may then be reacted with the 
appropriate chlorof ormate or active carbonate to give 
Examples 20-22 and 41-54. Example 19 was prepared by 
the action of the amine on benzyl isocyanate. 
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SCHEME IV 



PhCHjOCOHN'^CONHCH (Me) Ph 



0 



from Scheme III 

Reagents: a) Pd(OH)2, H2, EtOH; 

b) PhCH2N=C=0; 

c) ArCH20C0X 



Me^ 

HaN^CONHCH (Me) Ph 



CO 

MeJ^ 



Ex. 19 



oi 

R^OCOHN^V^ 



Ex. 20.21,22, 
41-50 



R^OCOHN^V^CONHCH (Me) Ph 



PhCH2NHC0HN'%^C0NHCH (Me) Ph 



5 



0 



5 



0 



5 



Example Number 
19 
20 
21 
22 
41 
42 
43 

44 

45 

46 

47 
48 
49 
50 
51 
52 
53 
54 



R 
R 
S 
S 



R 
R 
R 
R 
R 
R 
R 
R 



S 

s 



4MeO-PhCH2 
4Cl-PhCH2 
4CH3-PhCH2 
4-pyridylCH2 
3-thienylCH2 
2-thienylCH2 



S) 



S 2 -Naphthalene CH2 

S 2-FPhCH2 

S 3-FuranylCH2 

S 2-FuranylCH2 

S 3-FPhCH2 

S 4-FPhCH2 

S 2,3 diF-PhCH2 

S 2,4 diF-PhCHj 

S 2,5 diF-PhCHa 
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As illustrated in Scheme V below, abrine (N-methyl 
tryptophan) gave benzyloxycarbonyl -abrine when exposed 
to benzyl chloroformate in aqueous 1,4-dioxane in the 
presence of base. This N-protected abrine was then 
used to prepare many derivatives having various 
C- terminal groups. Example 25 was synthesized by 
preparing an active ester of the abrine derivative with 
pentafluorophenol and dicyclohexylcarbodiimide then 
reacting this with N-methylbenzylamine. Similarly, 
Examples 23, 26, and 28 were prepared by the reaction 
of this active ester with various aryl amines such as 
4-trifluoromethylbenzylamine (Example 26) and 
4-chlorobenzylamine {Example 28) . Examples 24 and 27 
were made by reaction of the same active ester with 
15 Qf-methylbenzylamine (1-phenethylamine) . 



10 
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SCHEMB V 



10 



15 



20 



3- 



H(Me)N' ^COjH 



a) 



PhCHjOCONfMe)'^ ^COjH 



Ex. 23,26,28 




PhCH20C0N (Me l^^^CONHCHjAr 



Ex. 25 




Ex. 24,27 



PhCH20C0N ( Me )^,^CON ( Me ) CH2 Ph PhCHjOCON ( Me ) CONHCH ( Me ) Ph 



Reagents: a) PhCHjOCOCl; 

b) i. DCCPfP; ii. ArCH2NH2; 

c) i. DCCPfP; ii. PhCH2<Me)NH2? 

d) i. DCCPfP; ii. PhCH2K(Me)H 



Exanple Number 
23 
24 
25 
26 
27 
28 



• ■ Ar 

S - Ph 

S S 

S - 

S - CCH4-4CF3 

S R 

S - C6H4-4CI 



25 



30 



35 
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Methods for derivatizing the N- terminus of the 
abrine- containing compounds were carried out via the 
methods shown in Scheme VI below. Abrine was treated 
with 9-fluorenylmethylchloroformate in aqueous 
1,4-dioxane with sodium carbonate to give the FMOC- 
protected abrine. The active ester of this 
(PFP-OH,DCC) was then treated with benzylamine in ethyl 
acetate to give the amide which was deprotected under 
the standard conditions of 20% piperidine in DMF. This 
free amine was then treated with 4-chlorobenzyl 
chloroformate, 4- trifluoromethylbenzylchlorof ormate, 
and 2,3 dimethoxybenzyl-4' -nitrophenyl carbonate to 
give Exaii?)les 29, 30, and 31, respectively. 
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SCHEME VI 




Reagents: a) FMOC-Cl; 

b) i. DCCPfP, ii. PhCHjNHa; 

c) piper idine, DMF; 

d) ArCHzOCOX 



30 



35 
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Examples 32, 33, 34, and 55-59 were prepared 
according to Scheme VII below. The appropriate amino 
acids were reacted to give their CBZ -protected 
derivatives. These compounds were then treated via 
their active esters with the appropriate amine or 
alcohol to produce the desired product. 
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10 



15 



20 



25 



COjH PhCHjOCOHN'^COjH 



/ \ 




PhCH^OCOHN •^CO^CH {CH3 ) Ph PhCH^OCOHN^CONH^ 
Ex. 59 



^CH(Ri)Ph 



le Number 


• 


■ 


Ar 


Ri 


32 


R,S 




(4-Cl)Ph 


H 


33 


R,S 




(4-Br)Ph 


H 


34 


R,S 




(3,4-diOH)Ph 


H 


55 


R,S 


S 


3-lnda2ole 


CH3 


56 


R,S 


s 


3- ( (5-F) Indole) 


CH3 


57 


R,S 


R,S 


3(N-Me Indole) 


CH3 


58 


R 


S 


2 -Naphthalene 


CH3 


59 


R,S 


S 







Reagents: a) PhCHjOCOX; X is a 

b) i. activation of 

c) DCC, PhCH{CH3)0H 



leaving group 

carboxylic acid; ii. PhCH(Ri)NH2 



35 
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Example 60 was prepared by the method shown in 
Scheme VIII below. The methyl ester of 3-benzothio- 
phenylalanine was reacted with dibenzyldicarbonate to 
give the CBZ-protected derivative. This was then 
5 treated with base to give the carboxylic acid, which 

subsequently was activated and reacted with the 
appropriate amine. 
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SCHEME VIII 
EXAMPLE 60 



10 




HsN^nCOjCHj 

CH3 



(R.S) 




PhCHjOCONH ^COjCHs 
CH3 

(R.S) 



15 




PhCHjOCONH I ^COaH 

CH3 



00 



PhCH20C0NH I ^CONHCH ( CH3 ) Ph 



CH3 
(R,S) 



(S) 



20 



Reagents: a) (PhCHjOCOz; b) LiOH; 

c) i. HOBt, DCC, ii. ( S ) PhCH ( CH3 ) NH2 



25 



30 



35 
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Example 61 was prepared by the method shovra in 
Scheme IX below. CBZ a-Me tryptophan was activated to 
give the pentaf luorophenyl ester (described in 
Scheme III) and reacted with the appropriate amino 
alcohol. This was then cyclized with Lawesson's 
reagent to give product. 
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SCHEME IX 

5 



10 



15 




Exeunple Number R n , ■ 

61 CH3 1 R R 

Reagents: a) i. activation of acid; ii. amino alcohol 
b) Lawesson's reagent 



30 



35 
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Example 62 was prepared by the method shown in 
Scheme X below. The methyl ester of tryptophan was 
converted to the N-formyl derivative which was 
subsequently treated with (BOO^O to protect the indole 
5 nitrogen. The isonitrile was then formed and alkylated 
with bromoacetonitrile. The resulting product was 
treated with hydrochloric acid followed by 
benzylchloroformate to give the urethane. Next, the 
BOC- group was removed and the ester hydrolysed with 
10 lithium hydroxide. The acid was then activated an 
subsequently condensed with a-methylbenzylamine. 
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SCHEME X 
(Example 62) 




CO2CH3 



NH2 



HCO^H 



AC2O 

2h 0®C - Room Temp 



(Xri 



CO2CH3 



NHCHO 



10 



(Boc)20 
DMAP, DMF 
18h 



15 



Boc 



CO2CH3 



DMPU 
LHMDS 

Br'^CN 
THF/N2 



CI3COCCOCI3 
EtaN, CH2CI2 



Hoc 



as, 



W ^C02CH3 
'xi^^Xj^J NHCHO 



20 




7 

I 

Boc 



^C02CH3 
NC 



HCl/Dioxam 



EtOH/HaO 




N 
I 

Boc 



CO2CH3 
ES 
NH2 



25 



30 



H 




CN 

CO2CH3 
E2 

NHC0CH2Ph 



LiOH»H20 
THF/H2O 



CHzCljiTFA 



PhCH20C0Cl 

Na2C03 
Dioxan/H20 

.CN 

N NHC0CH2Ph 
BOC II 



35 



a 



.CN 

CO2H 

E£ 



NHC0CH2Ph 
O 



HOBf H2O/DCCI 

CH3 
1 

HjN^Ph 




CONH-^ph 
ES ^ 

NHCOCHjPh 

O 
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10 



IS 



20 



25 



30 



35 



For preparing pharmaceutical compositions from the 
compounds of this invention, inert, pharmaceutically 
acceptable carriers can be either solid or liquid. 
Solid form preparations include powders, tablets, 
dispersible granules, capsules, cachets, and 
suppositories . 

A solid carrier can be one or more substances 
which may also act as diluents, flavoring agents, 
solubilizers, lubricants, suspending agents, binders, 
or tablet disintegrating agents; it can also be an 
encapsulating material. 

In powders, the carrier is a finely divided solid 
which is in a mixture with the finely divided active 
component. In tablets, the active component is mixed 
with the carrier having the necessary binding 
properties in suitable proportions and con^jacted in the 
shape and size desired. 

For preparing suppository preparations, a low- 
melting wax such as a mixture of fatty acid glycerides 
and cocoa butter is first melted and the active 
ingredient is dispersed therein by, for exaii?)le, 
stirring. The molten homogeneous mixture is then 
poured into convenient sized molds and allowed to cool 
and solidify. 

The powders and tablets preferably contain 5% to 
about 70% of the active component. Suitable carriers 
are magnesium carbonate, magnesium stearate, talc, 
lactose, sugar, pectin, dextrin, starch, tragacanth, 
methyl cellulose, sodium carboxymethyl cellulose, a 
low-melting wax, cocoa butter, and the like. 

The compounds of the invention include solvates, 
hydrates, pharmaceutically acceptable salts, and 
polymorphs (different crystalline lattice descriptors) 
of the compounds of Formula I. 

The compounds of the present invention can have 
multiple chiral centers in the above Formula I 
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depending on their structures. In particular the 
compounds of the present invention may exist as 
diastereomers , mixtures of diastereomers, or as the 
mixed or the individual optical enantiomers. The 
present invention contemplates all such forms of the 
compounds. The mixtures of diastereomers are typically 
obtained as a result of the reactions described more 
fully below. Individual diastereomers may be separated 
from mixtures of the diastereomers by conventional 
techniques such as colxamn chromatography or repetitive 
recrystallizations. Individual enantiomers may be 
separated by conventional methods well known in the art 
such as conversion to a salt with an optically active 
compound, followed by separation by chromatography or 
recrystallization and reconversion to the nonsalt form. 

Where it is appropriate to form a salt, the 
pharmaceutically acceptable salts are acetate, 
benzenesulfonate, benzoate, bicarbonate, bitartrate, 
bromide, calcium acetate, camsylate, carbonate, 
chloride, citrate, dihydrochloride, edetate, edisylate, 
estolate, esylate, fumarate, gluceptate, gluconate, 
glutamate, glycollylarsanilate, hexylresorcinate, 
hydrabamine , hydrobromide , hydrochloride , 
hydroxynaphthoate , iodide, isethionate, lactate, 
lactobionate, malate, maleate, mandelate mesylate, 
methylbromide, methylnitrate, methylsulf ate, mucate, 
napsylate, nitrate, pamoate (embonate) , pantothenate, 
phosphate /diphosphate , polygalacturonate , salicylate , 
stearate, subacetate, succinate, sulfate, tannate, 
tartrate, theoclate, triethiodide, benzathine, 
chloroprocaine, choline, diethanolamine, 
ethylenediamine, meglumine, procaine, aluminiam, 
calcixim, lithium, magnesium, potassium, sodixam, and 
zinc. 

Cyclodextrin is one suitable inclusion in a 
pharmaceutical preparation. 
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The term "preparation" is intended to include the 
formulation of the active component with encapsulating 
material as a carrier providing a capsule in which the 
active component (with or without other carriers) is 
surrounded by a carrier which is thus in association 
with it. Similarly, cachets are included. 

Tablets, powders, cachets, and capsules can be 
used as solid dosage forms suitable for oral 
administration. 

Liquid form preparations include solutions, 
suspensions, and emulsions. Sterile water or water- 
propylene glycol solutions of the active compounds may 
be mentioned as an example of liquid preparations 
suitable for parenteral administration. Liquid 
preparations can also be formulated in solution in 
aqueous polyethylene glycol solution. 

Aqueous solutions for oral administration can be 
prepared by dissolving the active coit5)onent in water 
and adding suitable colorants, flavoring agents, 
stabilizers, and thickening agents as desired. Aqueous 
suspensions for oral use can be made by dispersing the 
finely divided active component in water together with 
a viscous material such as natural synthetic gums, 
resins, methyl cellulose, sodium carboxymethyl 
cellulose, and other suspending agents known to the 
pharmaceutical formulation art. 

Preferably the pharmaceutical preparation is in 
unit dosage form. In such form, the preparation is 
divided into unit doses containing appropriate 
quantities of the active ccat?)onent. The unit dosage 
form can be a packaged preparation, the package 
containing discrete quantities of the preparation, for 
example, packeted tablets, capsules, and powders in 
vials or an^joules. The unit dosage form can also be a 
capsule, cachet, or tablet itself, or it can be the 
appropriate nxjmber of any of these packaged forms. 
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EXAMPLE 1 
(Scheme I) 




NH 



10 N-Methylbenzylamine (0.17 mL, 0.00126 mol) was 

added to a solution of CBZ-RS- Tryptophan 
pentafluorophenyl ester (0.64 g, 0.00126 mol) in EtOAc 
(5 mL) and the residue stirred at room temperature for 
2 hours. The solvent was removed in vacuo and the 

15 residue dissolved in EtOAc (50 mL) and washed with 2 M 
hydrochloric acid (2 x_20 mL) , water (2 x 10 mL) , brine 
(20 mL), dried (MgSO^) and the solvent evaporated 
xn vacuo. The residue was purified via column 
chromatography eluting with dichloromethane methanol 
20 (9:1) to give the product as a white solid (0.31 g, 

55%) mp 51-55°C; ' 
IR (film): 3301 (NH, urethane) , 1708 (C - 0, 
urethane), 1636 (C = 0, amide), 1496, 1342, ^d 
1232 cm-^; 

25 NMR (CDCI3): 2.51 and 2.74 (3H, s, CH3N) ; 3.20 (2H, d 

J - 7 Hz, Trp-CH^); 4.0-4.4 (2H, 2 x m, ArCH^N amide 
ROT); 4.9-5.1 (3H, m, ArCHjO, aCH) ; 5.83 and 5.89 (IH, 
d, !l - 8 Hz, NH carbamate amide ROT); 6.7-7.7 (15h m' 
aromatics); 8.2 and 8.3 (IH, s, NH, indole); 

30 MS m/s (CI) 442 (M++1) . 
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EXAMPLE 2 
(Scheme I) 



10 



15 



20 




Method as described for Example 3, Scheme I, but 
using CBZ-R-Tryptophan pentafluorophenyl ester. Yield 
(0.08 g, 35%); mp 50-53«>C; 
[Qr]|3.27.2 (C - 0.25. MeOH) ; 

IR (film): 3296-2928, 1712 (urethane co) , 1636 
(amide I) and 1525 cm'^ (amide II) ; 

NMR (DMSO-dg): « 2.75 (3H, s.CHj) ; 3.01 (IH, d.d, 
jI = 7.5 and 13.9 Hz, one of Trp /SCHj) ; 444 (2H, s, 
CHjPh); 4.54 (IH, m, OCH), 5.01 (2H, s, PhCHjO) ; 
6.97-7.37 (15H, m, aromatics) ; 7.57 (IH, d, J - 7.7 Hz, 
urethane NH) ; 10.7 (iH, S, indole NH) ; 
MS m/e (CI) 442 [M*-] . 



25 



EXAMPLE 3 
(Scheme I) 



30 




35 



CBZ-L- tryptophan pentafluorophenyl ester (0.50 g, 
1 mmol) was prepared in situ and reacted with 
benzylmethylamine (0.13 mL, i mmol) in ethylacetate 
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(5 mL) . The reaction mixture was stirred overnight at 
room ten?>erature then washed with diluent HCl 
(1 X 10 mL) , water (4 x 10 mL) , and dried over MgS04. 
Removal of the solvent in vacuo resulted in a clear oil 
5 which was chromatographed to give the product (0.175 g, 

40%) ; mp 48-50»C; 
[alg3 = +30.4 (c = 0.25, MeOH) ; 

IR (film): 3305-2927, 1710 (urethane CO), 1635 

(amide I) and 1530 cm"^ (amide II) ; 
10 NMR (DMSO-dg, 1340K) : 6 2.50 (3H, 3, CH3) ; 3.01 (IH, 

d.d, J B 7.3 and 13.8 Hz, one of /SCHj) ; 4.43 (2H, s, 

NCHjPh) ; 4.72 (IH, m, TrpaCH) ; 5.00 (2H, S, OCHaPh) ; 

7.02-7.35 (15H, m, aromatics) ; 7.57 (IH, b, urethane 

NH); 10.65 (IH, s, indole NH) ; 
T.5 MS m/e (CI) 442 [M*] . 



EXAMPLE 4 
(Scheme I)- 



25 




(RS) a-Methylbenzylamine (0.128 mL, 0.001 mol) was 
added to a solution of (CBZ-RS- tryptophan 
pentafluorophenyl ester (0.533 g, O.OCl mol) in EtOAc 

30 (15 mL) and the mixture stirred at room tenqperature for 

15 min. The solvent was removed in vacuo and the 
residue dissolved in EtOAc (50 mL) amd washed with 2 M 
hydrochloric acid (2 x 20 mL) , water (2 x 10 mL) , brine 
(20 mL) , dried (MgSO^) and the solvent evaporated 

35 in vacuo. The residue was purified via column 

chromatography eluting with hexane; ethyl acetate (8:2) 
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to give Example 4 Scheme I as a white solid (0.33 g, 
76%) mp 59-62°C; 

NMR: (CD3SOCD3) : 5 1.23 and 1.34 (3H, d, J « 7 Hz, 
CHCH3); 2.8-3.2 (2H, m, IndCfij); 4.3 (IH, m, CH) ; 4.9 
(3H, m, ArCHjO and NHCH) ; 6.9-7.4 (15H, aromatics and 
NH carbamate); 7.63 (IH, d, J = 8 Hz, 4H- indole) ; 8.33 
and 8.41 (IH, d, jI = 8 Hz NH amide); 10.8 (IH, s, 
indole NH) ; 

MS E/e (CI) 442 (M*+H) . 

EXAMPLE 5 
(Scheme I) 



15 



20 



25 



30 



35 




NH 



OPfp 




CBZ-EL Tryptophan pentaf luorophenyl ester (0.25 g, 
0.5 mmol) was prepared in situ, dissolved in 
ethylacetate (2.5 mL) and (R) - ( + ) -of-methylbenzylamine 
(0.06 mL, 0.5 mmol) was added. The reaction mixture 
was stirred at room temperature until no starting 
material remained. The white precipitate was collected 
by filtration and recrystallized from ethylacetate to 
give Example 5 Scheme I (O.IO g, 44%); nip 169-170-C; 

+12.8' (C = 0.5, MeOH); 
IR (film): 3306, 1705 (urethane co) , 1657 (amide I), 
and 1531 cm"^ (amide II) ; 

NMR (DMSO-dg): 6 1.35 (3H, d, jl = 6.7 Hz, CR^) ; 2.87 
(IH, d.d, il - 9.2 and 14.3 Hz, one of Trp jSCHj) ; 3.06 
(IH, d.d, jI = 4.8 and 14.3 Hz, one of Trp j8CH2) ; 4.36 
(IH, m, SKCHaPh), 4.90-4.96 (3H, m, CHj Ph, aCH) ; 
6.94-7.35 (15H, m, aromatics); 7.63 (IH, d, J - 7.8 Hz, 
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urethane NH); 8.41 (IH, d, J - 7.8 Hz, amide NH) ; 10.8 
(IH, s, indole NH) ; 
MS m/e (CI) 442 tM+] . 



EXAMPLE € 
(Scheme I) 




15 Method as described for Exantple 5, Scheme l, but 

using (S)-(-)-Q!-inethylbenzylamine. Yield (0.09 g, 
21%); mp 160-161*0; 
[Qf]g2= -26.0 (c - 0.5, MeOH); 

IR (film): 3330, 1709 (urethane co) , 1658 (amide I) 

20 and 1514 cm-i (amide II); 

NMR (DMSO-dg): 5 1.23 (3H, d, J - 6.8 Hz, CH3) ; 2.95 
(IH, d.d, J = 9.4 and 14.3 Hz, one of Trp /ffCHj) ; 3.08 
(IH, d.d, J = 5.4 and 14.3 Hz, one of Trp /SCHj) ; 4.32 
(IH, m, CH(CH3)Ph), 4.86-4.94 (3H, m, PhqHa, aCH) ; 

25 6.95-7.34 (15H, m.aromatics) ; 7.63 (IH, a, J = 7.7 hz 

urethane NH) ; 8.33 (IH, d, ^ = 7.5 Hz, amide NH) ; 10.8 
(IH, s, indole NH) ; 
MS m/e (CI) 442 [M+] . 
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EXAMPLE 7 
(Scheme i) 



10 



15 



20 



25 




Example 5, Scheme I, but using (S) -(-)-«- 
methylbenzylamine method as described for Example 5 
scheme I. Recrystallization from ethyl acetate gave 
(0.057 g, 13%); mp 168-170«C; 
lal" - -11.6 (c = 0.5, MeOH); 

IR (film): 3294. 1704 Xwrethane CO), 1656 (amide I) 
and 1536 cm'^ (amide II) ; 

mR (DMSO-d,): .1.35 (3H, d, ^ = 6.9 Hz, CH3) ; 2.86 
(IH, d.d, g - 9.2 and 14.3 Hz, one of ^CH^) ; 3. 06 (IH, 
d.d, 5 = 4.8 and 14.3 Hz, one of /SCH^) ; 4.36 (IH, m, 
CH(CH3)Ph); 4.90-4.96 (3H, m, PhCg^, Trp aCH) ; 
6.94-7.35 (15H, m, aromatics) ; 7.63 (IH, d, jl - 7 9 Hz 
urethane NH) ; 8.41 (IH, d, j = 7.7 Hz, amide NH);*io.8' 
(IH, s, indole NH) ; 
MS m/e (CI) 442 [M*] . 
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EXAMPLE 8 
(Scheme I) 



5 




10 

CBZ-S-Trp pentafluorophenyl ester (0.50 g, 1 mmol) 
was prepared in situ, then dissolved in ethyl acetate 
and (R) - ( + ) -Qf-methylbenzylamine (0.13 inL, 1 mmol) was 
added. The reaction mixture was stirred at room 

15 temperature until no starting material remained. The 
white precipitate was collected by filtration and 
purified by chromatography to give the product 
(0.077-g, 17%); lap 160-163«C; 
ta]|^ = +24.4 (c = 0.5, MeOH); 

20 IR (film): 3307, 1704 (urethane CO), 1657 (amide I) 
and 1517 cm*^ (amide II) ; 

NMR (DMSO-dg) : 6 1.24 (3H, d, i = 7.0 Hz, CH3) ; 2.95 
(IH, d.d, J = 9.4 and 14.3 Hz, one of /3CH2) ; 3.08 (IH, 

d.d, il = 5.4 and 14.3 Hz, one of /SCHj) ; 4.32 (IH, m, 
25 CH(CH3)Ph); 4.86-4.94 (3H, m, PhCH2» ^rp aCH) ; 

6.95-7,34 (15H, m, aromatics) ; 7.63 (IH, d, J = 7.7 Hz, 

urethane NH) ; 8.32 (IH, d, J = 7.8 Hz, amide NH); 10.8 
(IH, s, indole NH) ; 

MS m/e (CI) 442 M+. 

30 
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EXAMPLE 9 
(Scheme II) 



5 




o o 



10 

Method as described for Example 3, Scheme I, but 
using 4-chlorobenzylamine. Yield (0.05 g, 11%); 
mp 177-179<»C; 

[a]g3- = +10.8 (c = 0.5, MeOH); 
15 IR (film) : 3291, 1704 (urethane CO) , 1658 (amide II) , 
and 1535 cm'^ (amide I) ; 

NMR (DMSO-dg) : 6 2.95 (IH, d.d, ^ - 9.1 and 14.5 Hz, 

one of Trp /SCHj) ; 3.13 (IH, d.d, J = 5.3 and 14.5 Hz, 
one of Trp /3CH2) ; 4.20-4.36 (3H, m, aCH, NHCMj) ; 4.97 
20 (2H, s, PhCHjO) ; 6.94-7.46 (14H, m, aromatics) ; 7.62 

(IH, d, J = 7.8 Hz, urethane NH) ; 8.52 (IH, bt, amide 
NH) ; 10.8 (IH, s, indole NH) ; 
MS m/e (CI) 462 M+. 

25 EXAMPLE 10 

(Scheme II) 



30 




Method as described for Example 3, Scheme I; but 
35 using 1, 2 , 3 , 4- tetrahydro- i-naphthylamine. Yield 

(0.298 g, 64%); mp 73-76»C; 
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IR (film): 3298-2863, 1707 ( ure thane CO) , 1651 
(amide I) and 1538 cm"^ (amide II) ; 

NMR (DMSO-dg): 5 1.52-1.87 (4H, m, CHjCHj) ; 2.70 (2H, 
m, CHjCHaPh); 2.91-3.16 (2H, m, Trp /SCHj) ; 4.32 (IH, m. 
aCH); 4.96 (3H, m, PhCfia, NHCHPh) ; 6.74-7.37 (14K, m, 
aromatics) ; 7.63 (IH, m, urethane NH) ; 8.21 (1/2H, d, 
jI = 9.4 Hz, amide NH) ; 8.32 (1/2H, d, jl = 8.8 Hz, amide 
NH); 10.81, 10.79 (IH, 2 x s, indole NH) ; 
MS m/e (CI) 468 [M*] . 



A solution of (RS) SfiS-phenethyl alcohol (2 g, 
0.0163 mol) and dry pyridine (1.3 mL, 0.0163 mol) in 
dry dichloromethane (10 mL) was cooled to O'C. A 
solution of 4-nitrophenyl chlorof ormate (3.28 g, 
0.0163 mol) in dry dichloromethane (25 mL) was added 
dropwise over 15 minutes and the resulting solution 
stirred at room temperature for IS hours. The solvent 
was removed in vacuo (the temperature being kept below 
30«»C) and ether (50 mL) was added and the precipitate 
was removed by filtration. The solvent was removed 
in vacuo below 30 °C to give the crude mixed carbonate, 
wmax 1765 cm"^ (c = 0) , which was used without further 
purification. 

R,S -Tryptophan benzylamide (0.5 g, 0.0018 mol) and 
triethylamine (0.18 mL, 0.0018 mol) were dissolved in 
dry DMF (5 mL) . A solution of the mixed carbonate 



EXAMPLE 11 
(Scheme II) 
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(0.52 g, 0.0025 mol) in DMP {5 mL) was added dropwise 
over 5 minutes, there was an immediate yellow 
coloration upon addition of the mixed carbonate, and 
the yellow solution was stirred at room temperature for 
5 5 hours. The reaction mixture was poured into water 

(50 mL) and extracted with EtOAc (3 x 10 mL) . The 
organic phase was washed with dilute aqueous NaOH 
(approx. 1 M) until the disappearance of the yellow 
color (approx. 5 x 20 mL) and then with saturated 

10 aqueous citric acid (5 x 20 mL) , water (10 mL) , brine 
(20 mL) , dried (MgS04) , and the solvent removed 
in vacuo. The crude product was purified by column 
chrOTiatography, eluting with dichloromethane : ethanol 
(9:1) to give the urethane, Example 11, Scheme II, as a 

15 white solid (0.61 g, 77%); mp 128-132«'C; 

IR (film) : 3317 (NH) , 1706 (C - 0) , carbamate) , 1659 
(C - 0, amide), 1497. 1456, 1378, and 1355 cm"^; 
NMR (DMSO-dg) : 1.35 and 1.4 (3H, d, J - 7 Hz, CHCH3) ; 
2.8-3.2 (2H, m, IndCfij) . 4.3 (3H, m, CONHCHjPh, CH) ; 

20 5.1 (IH, m, PhCHO) ; 6.9-7.3 (15H, aromatics and 

carbamate NH) ; 7.6 (IH, m, 4H- indole); 8.45 (IH, m, 
amide NH) ; 10.7 (IH, m, indole NH) ; 
MS m/S. (CI) : 442 (IT+H) . 

25 EXAMPLE 12 

(Scheme III) 



30 




35 



Benzyl chlorof ormate (0.85 mL, 0.005 mol) was 
added in one portion to a vigorously stirred suspension 
of R,S-a-Me-Trp methyl ester (l g, 0.0043 mol) and 
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potassium carbonate (2 g, 0.015 mol) in dioxane (15 mL) 
and water (l mL) • The mixture was stirred at room 
temperature for 2 hours, after which time t.l.c. 
analysis indicated the consumption of starting 
material. The solvent was removed in vacuo. The 
residue was treated with 2 M hydrochloric acid (10 mL) , 
water (40 mL) , and extracted with EtOAc (3 x 20 mL) • 
The organic phase was washed with water (2 x 20 mL) , 
brine (10 mL) , dried (MgS04) , and the solvent removed 
in vacuo to give the N-protected amino ester as an 
off-white solid (1.39 g, 87%) which was used in the 
next reaction without further purification, 
vmax (film): 3345 br (NH) , 1718 br (C » 0, ester and 
carbamate) cm"^. 6 (CDCI3) : 1.63 (3H, s, a-CH3) ; 3.60 
(5H, br.m, OCH3 and CHj-Ind) ; 5.08 (2H, m, ArCHjO) ; 5.5 
(IH, br.s, NHurethane); 6.8-7.5 (IIH, aromatics) ; 8.3 
(IH, br.s, NH indole). 

A-mixture of this ester (1.49 g, 0.004 mol) and 
lithium hydroxide monohydrate (0.84 g, 0.02 mol) in THF 
(15 mL) and water (5 mL) was stirred vigorously at room 
temperature for 15 hours. The solution was extracted 
with EtOAc (3 x 10 mL) and the organic phase discarded. 
The aqueous phase was acidified with 2 M hydrochloric 
acid (approx. 20 mL) and extracted with EtOAc 
(3 X 20 mL) . The organic phase was washed with water 
(20 mL) , brine (20 mL) , dried (MgS04) , solvent 
removed in vacuo to give the acid (Scheme III) as a 
light brown oil (1.31 g, 88%) which was used in the 
next step without further purification, 
umax (film): 3389 (OH), 1770 (C « 0, acid), and 1708 
(C « 0, carbamate) cm"^. 

This crude carboxylic acid (1.1 g, 0.003 mol), 
N,N' -dicyclohexylcarbodiimide (DCC) (0.618 g, 
0.003 mol) and pentaf luorophenol (PFP) (0.6 g, 
0.0033 mol) were dissolved in EtOAc (20 mL) and the 
reaction mixture stirred at room temperature for 
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1 hour. The mixture was filtered to remove the white 
solid and benzylamine (0.35 mL, 0.0033 mol) was added 
and the mixture stirred for 10 hours at room 
temperature. The solvent was removed in vacuo and the 
5 crude product was purified by column chromatography, 

eluting with dichloromethane: methanol (8:2), giving the 
benzamide, Example 12, Scheme III, as a white solid 
(0.97 g, 73%); mp 117-119«»C; 

IR (film): 3337 (NH) , 1709 (C - 0, carbamate), 1657 • 
10 (C - 0, amide), 1517, 1456. and 1352 cm"^; 

NMR (DMSO-dg) : 1.37 (3H, s, a-Me) ; 3.33 (2H, m, 
Ind-CHa); 4.28 (2H, d, il - 5 Hz, NCflzPh) ; 5.04 (2H, m, 
Ph-CHaO) ; 6.9-7.5 (16H, aromatics and carbamate); 8.2 
(IH, br.s, amide NH) ; 10.83 (IH, s, indole NH) ; 
15 MS m/s. (CI) ; 442 (M++H) . 



EXAMPLE 13 
(Scheme III) 




Step 1 

A solution of E-a-methyl tryptophan methylester 
(37.16 g, 160.0 mmol) in dry THF (800 mL) and 
triethylamine (19.43 g, 192 mmol) was cooled to 0"C and 
35 treated with benzyl chloroformate (30.03, 176 nnnol) in 

dry THF (200 mL) dropwise. This was allowed to warm to 
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room temperature slowly, then the solvent removed 
in vacuo. The residue was redissolved in EtOAc 
(500 mL) , washed with HjO (500 mL) , 2N HCl (500 mL) , 
saturated NaHC03 solution (500 mL) , then (500 mL) . 

5 The organic phase was dried over MgS04, filtered, and 

evaporated to dryness in vacuo. The residue was 
purified by silica gel chromatography using 60% EtjO in 
n-hexane as eluant to give the product. 
. +31. 7« (c « 1, MeOH) . 

10 

The CBZ-oMe-R- tryptophan methyl ester (69.15 g, 
150 mmol) was dissolved in THF (800 mL) , cooled to 0*»C, 
and treated with LiOH (30 g in 250 mL HjO) . MeOH was 

15 added (150 mL) and the mixture stirred for 3 hours." 
The solvent was removed in vacuo. The residue was 
diluted with HjO (500 mL) and extracted with CHjClj 
(2 X 300 mL) . The aqueous phase was acidified using 
2 M citric acid and extracted with CH2CI2 (2 x 500 mL) . 

20 The organic phase was washed with water, dried (MgS04) , 
and filtered and evaporated to dryness to give the 
crude acid, 57.5 g (2:1 mix acid : ester) . This crude 
material ,was used in Step 3. 

25 Step 3 

The crude carboxylic acid from Step 2 above was 
redissolved in EtOAc (320 mL) and treated with 
pentaf luorophenol (21 g, 114 mmol) , followed by the 
dropwise addition of a solution of N,N' -dicyclo- 

30 hexylcarbodiimide (23.5 g, 114 mmol) in EtOAc (150 mL) . 
This was stirred 18 hours at room temperature. The 
reaction mixture was then filtered, and the filtrate 
evaporated to dryness. The solid residue was 
redissolved in CH2CI2 (200 mL) and absorbed onto 

35 silica, and purified by chromatography using 50% EtOAc 
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10 



15 



20 



25 



in E-hexane to give the product 49.77 g (64%) from 

or-methyl -R- tryptophan methylester; 

IR (film): 1785, 1709, and 1520 cm'!; 

NMR (CDCI3): 5 1.72 (3H, s) ; 3.44 (IH, d. 

J. = 14.7 Hz); 3.66 (IH, d, il = 14.7 Hz); 5.15 (2H, m, ) ; 

5.22 (IH, br.s); 6.97 (IH, d, jl = 2 Hz); 7.09 (IH, t. 

jI = 7.5 Hz); 7.22 (IH, t, jj = 8.0 Hz, 7.34 {6H, m) ; 

7.58 (IH, d, jI - 7.9 Hz); 8.11 (IH, br.s). 



A solution of CBZ-a-methyl-E- tryptophan 
pentafluorophenyl ester (250 mg, 0.50 mmol) in BtOAc 
(50 mL) was treated with N-benzylmethylamine (900 mg, 
7.40 mmol) and stirred at room tentperature for 
18 hours. This mixture was washed with 2N HCl (50 mL) , 
then H2O (50 mL) . The organic phase was dried (MgS04) , 
filtered, and evaporated to give a crude residue which 
was purified by reverse -phase chromatography using 50% 
MeOH in H2O as eluant to give the product as a white 
foam (40 mg, 18%); rap 64-68»C (MeOH/H20) ; 
IR (nujol mull) : 1703 and 1620 cm"^; 

NMR (DMSO-dg): 6 1.30 (3H, s) ; 2.90 (3H, brs) ; 3.20 
(IH, d, il = 14 Hz); 3.50 (IH. d, jj = 14 Hz); 4.60 (2H, 

br); 5.00 (2H, br); 6.8-7.6 (16H, m) ; 10.9 (IH, br.s); 

MS (CI) m/e 456 (11, M++H) , 335 (30), 304 (48) 263 
(4.5), 91 (100); 

Analysis calculated for C, H, N; C23H29N3O3 -0.250014: 

C, 68.68; H, 5.92; N, 8.51. 
Pound: C, 68.68; H, 5.90; N, 8.38. 
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EXT^LE 14 
(Scheme III) 



5 




A solution of CBZ-a-methyl-R- tryptophan 
pentafluorophenyl ester (1000 mg, 1.929 mmol) in EtOAc 
(50 mL) was treated at room teirperature with 4 chloro- 
Of-methylbenzylamine (1100 mg, 7.069 mmol) for 1 hour 
with stirring. The reaction mixture was then washed 
with 2N HCl (80 mL) , then HjO (100 mL) . The organic 
phase was dried over MgS04, filtered, and evaporated to 
dryness in vacuo. The residue was purified by 
chromatography using 20% EtjO in CHjClj as eluant to 
give the product as a white foam and a 1:1 mixture of 
diaateroisomers (820 mg, 87%) ; mp 56-58«»C 
(EtjO/CHjClg) ; 

IR (nujol mull) : 710 and 1651 cm*^; 

NMR (DMSO-dg) : 6 1.20-1.40 (6H, m) ; 3.10-3.50 (2H. m) ; 
4.80 (IH, m); 5.00 (2H, s) ; 6.80-7.50 (14H, m) ; 
7.90 IH, d, jj = 8 Hz); 8.1 (IH, d, jl - 8 Hz); 10.80 
(IH, s) . 
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EXAMPLE 15 
(Scheme III) 



W CONH .^^^ 



PhCHjOCOHN CONH-'' ^ph 

^° A solution of CBZ-a-methyl-E- tryptophan 

pentafluorophenyl ester (730 mg, 1.40 mmol) in EtOAc 
(15 mL) was treated with S ( - ) a-methylbenzylamine 
(940 mg, 7.76 mmol) and left stirring at room 
temperature for l hour. The mixture was washed with 

15 2 M HCl (20 mL) then HjO (20 mL) . The organic phase 
was dried over MgS04, filtered, and evaporated to 
dryness in vacuo. The residue was then subject to 
reverse phase chromatography using 80% MeOH; 20% as 
eluant to give the product as a white foam (ISO mg, 

20 24%); mp lOV-log^C (HjO/MeOH) ; 

[a]§° - +13« (c = 0.5, MeOH) ; 

IR (film): 3460-3400, 1711, 1658, 1495, and 1251 cm'^; 
NMR (DMSO-dg): 5 1.32 (3H, d. il = 7 Hz); 1.38 (3H, s) ; 
3.20-3.40 (2H, m) ; 4.90 (IH, m); 5.00 (2H, s) ; 6.80 
25 (IH, s); 6.90 (IH, t, J = 7 Hz); 7.00 (IH, t, 

J = 7 Hz); 7.01-7.40 (12H, m) ; 7.50 (IH, d, il » 8 Hz); 
8.00 (IH, d, J = 8 Hz); 10.80 (IH, s) ; 

MS (CI) 456 (30, M*-+H), 130 (100), 91 (57), 105 (33). 
Analysis calculated for C, H, N, CjgHjgNaOa'O.SHjO: 

C, 72.39; H, 6.51; N, 9.04%. 
Found: C, 72.53; H, 6.48; N, 8.98%. 



30 
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EXAMPLE 16 



5 




Method as for Example 15, Scheme III except using 
10 CBZ-a-methyl-S-tryptophan pentafluorophenyl ester 
(142 mg, 23%); mp lOT-llO'C (MeOHtHjO) ; 
IR (film) : 3327, 1716, and 1653 cm'^; 

NMR (DMSO-dg) : 6 1.20-1.40 (6H, m) ; 3.10-3.40 (2H, m) ; 
4.90 (IH, m) ; 5.00 (2H, s) ; 6.80-7.50 (16H, m) ; 7.90 
15 (IH, d, J - 8 Hz); 10.80 (IH, br.s) . 

Analysis calculated for C, H, N, C28H29N3O3 • 0 .25H2O: 

C, 73.10; H, 6.46; N, 9.13%. 
Found: C, 73.40; H, 6.41; N, 9.18%. 



20 EXAMPLE 17 

(Scheme III) 




Method as for Exan^jle 15, Scheme III except using 
CBZ-a-methyl-S- tryptophan pentafluorophenyl ester and 
30 R(+) -a-methylbenzylamine (190 rag, 30%); n?) 109-lli«»C 
(MeOH/HgO) ; 

[a]|* - -13. 2« (c - 0.5, MeOH); 
IR (film) : 1719 and 1654 cm"^; 

NMR (DMSO-dg): 1.34 (3H, d, ^ ' 7.9 Hz); 1.39 (3H, s) ; 
35 3.28-3.36 (2H, m) ; 4.92 (IH, m) ; 5.04 (2H, s) ; 6.82 

(IH, s); 6.87 (IH, br) ; 6.93 (IH, t, J - 7.6 Hz); 7.02 
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(IH, t, si - 7.0 Hz); 1 .22-1 .Al (IIH, m) ; 7.50 (IH, d, 
il - 7.8 Hz); 8.02 (IH, d, jl - 8.2 Hz); 10.8 (IH, s) ; 
MS (CI) m/e 456 (25, M*+H) , 130 (100), 91 (73), 105 

(35), 304 (29); 

Analysis calculated for C, H, N, CjgHjgNjOg •O.25H2O: 

C, 73.10; H, 6.46; N, 9.13%. 
Pound: C, 73.27; H, 6.45; N, 9.22%. 



EXAMPLE 18 
(Scheme III) 



15 




Method as for Example 15, Scheme III, except using 
(R) (+)a-methylbenzylamine (150 mg, 24%); mp 63-68«»C 
(MeOH/HjO) ; 

[Of]g8 - +9.4«» (c - 0.5, MeOH); 
IR (film) : 17H, 1658 cm"^; 

NMR (DMSO-dg): 6 1,28 (3H, d, jl = 6.8 Hz); 1.34 (3H, 
s); 3.16-3.30 (2H, m) ; 4.89 (IH, m) ; 5.04 (2H, s) ; 6.89 
(IH, s); 7.00 (IH, t, ^ = 7.9 Hz); 7.20-7.45 (13H, m) ; 
7.48 (IH, d, jI = 7.8 Hz); 7.88 (IH, d, jl = 7.5 Hz); 
16.80 (IH, s); 

MS (CI) m/e 456 (20, M*+H) , 130 (100, 191, 150). 
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EXAMPLE 19 
(Scheme IV) 



5 




A solution of Example 15, Scheme III (17 g, 
37 mmol) in EtOH (200 mL) was treated with 20% Pd(0H)2 
(1 g, 6% w/w) and put under an atmosphere of hydrogen 
at 30"C at a pressure of 45 psi for 3 hours. The 
reaction mixture was then filtered and evaporated to 
dryness in vacuo, the residue was purified by SiOj 
chromatography using 0.5% NH4OH, 5% MeOH, 94.5% CH2CI2 
as eluant to give the product (8.1 g, 62%); 
mp 124.5-125«»C; 
[a] 20 »_+7.0» (c - 1, MeOH); 
IR (film): 1643, 1512, and 1454 cm'^; 

(CDCI3): 6 1.42 (3H, d, J - 6.9 Hz); 1.46 (3H, s) ; 
1.53 (2H, br.s); 2,81 (IH, d, J « 14.2 Hz); 3.46 (IH, 
d, J = 14.2 Hz); 5.02 (IH, dq, jl - 7 Hz) ; 6.71 (IH, d, 
il = 2.2 Hz); 7.17 (7H, m) ; 7.33 (IH, d, jl = 8.0 Hz); 
7.59 (IH, d, jI = 7.8 HZ); 7.82 (IH, d, il = 8 Hz); 8.02 
(IH, S); 

MS (CI) m/e 322 (100, M++H) ; 

Analysis calculated for C, H, N, C20H23N3O: 

C, 74.74; H, 7.21; N, 13.07%. 
Found: C, 74.7; H, 7.25; N, 13.04%. 
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jgtgp 7 





> 

PhCHjNCO + ^ Me „ ^ Me 

HjN'^COIIH '^^Ph PhCHjNHCONH^^CONH ''^^Ph 

£ £ £ £ 

To a stirred solution of the amine (Scheme IV) 
10 (321 mg, 1.0 mmol) in THF (10 mL) was added a solution 

of benzyl isocyanate (146 mg, i.i mmol) in THF (5 mL) 
dropwise. After i hour the solvent was removed 
in vacuo and the residue chromatographed using 4% 
MeOH/CHjClj. Crystallization from ether gave product 
15 (404 mg, 89%); mp 184-187«»C; 

tali° - 270 (c = 1, MeOH); 

IR (film) : 3500-3200 (NH) , 1646 (broad, CO, urea and 

amide), 1557, 1455, 1265, 741, and 700 cm'^; 

NMR (CDCI3) : b 1.28 (3H, d, J - 6.9 Hz, CHC3) ; 1-48 

20 (3H, s, CCH3); 3.11 (IH, d, jI - 14.6 Hz, one of 

CHjindole); 3.41 (IH, d, J = 14.6 Hz, one of 
CHsindole); 4.14 (IH, d, J = 15.1 and 5.8 Hz, one of 
CHaPh); 4.24 (IH, dd, H = 15.1 and 5.9 Hz, one of 
CHaPh); 4.82-4.92 (IH, m, CHCH3) ; 5.12 (IH, S, 

25 CH2NHCONH); 5.20-5.30 (IH, m, CH2NHCONH) ; 6.74 (IH, d, 

3. = 2.2 Hz, indole, C2H) ; 7.00-7.30 (14H, m, aromatics 
and CONHCH); 7.51 (IH, d, ^ - 7.7 Hz, indole C^-H) ; 
8.22 (IH, s, indole NH) ; 

MS m/e (CI+): 455 (52) (M++H) , 348 (11), 334 (27), 322 
(100), 304 (49). 173 (47), 131 (25), 130 (61), 105 
(40) , 91 (85) ; 

Analysis calculated for C, H, N. 
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EXAMPLE 20 
(Scheme V) 



. 1) OjN-^^KCH^OCOCl, NEtj \ 




B £ 



^^^^ 1' 

10 HsN^^CONH^Ph 

B S 

1) To a stirred solution of 4 nitrophenylchloro- 
formate (2,01 g, 10 iranol) in acetone (30 mL) , cooled in 
an ice bath, was added 4-methoxyben2ylalcohol (1.38 g, 

15 10 mmol) followed by the dropwise addition of a 

solution of triethylamine (1,01 g, 10 mmol) in acetone 
(10 mL) . Left to stir overnight, filtered off- 
triethylaminehydrochloride, solvent removed under 
vacuum. Residue taken up in ethyl acetate (50 mL) , 

20 washed with citric acid solution (2 x 30 mL) , sodium 

carbonate solution (5 x 30 mL) , brine (2 x 30 mL) , 
dried over MgS04, and solvent removed in vacuo. 
Crystallization from ether gave carbonate (2.7 g, 89%); 
mp gg-lOO^'C; 

25 IR (film): 1747 (CO, carbonate), 1617, 1519, 1353, 

1279, 1255, 1034, 866 cm"^; 

NMR (CDCI3) : 5 3.83 (3H, s, CH3O) ; 5.24 (2H, s, CII2O) ; 



30 



6.90-6.95 (2H, m, Meo-/(^V- ). 




7.35-7.40 (4H, m. 
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8.23-8.30 (2H, m, OjN-^^ ); 

H 

MS m/e {CI+) : 303 (10) {M*+H) , 277 (2), 260 (5), 241 
(3), 149 (9), 140 (61), 122 (44), 121 (100); 
Analysis calculated for C, H, N. 



2) A solution of carbonate (364 mg, 1.2 mmol) , the 
amine (321 mg, 1.0 mmol), and 4-dimethylamino-pyridine 

10 (122 mg, 1.0 mmol) in DMF (20 mL) was stirred overnight 

before solvent was removed under vacuxim. Residue taken 
up in ethyl acetate (50 inL) and washed with citric acid 
solution (2 X 50 mL) , brine (30 mL) , 2N NaOH solution 
(5 X SO mL) , brine (30 mL) , dried over MgS04, filtered, 

15 and solvent removed under vacuum. Residue 

chroma tographed using 2% MeOH/CHClj and crystallization 
from ether gave product (360 mg, 80%) ; mp 86-94«»C; 
(a]J' - +16. 7« (c = 1, MeOH); 

IR (film): 3500-3200 (NH) , 1713 (CO, ure thane ) , 1652 
20 (CO, amide), 1614, 1515, 1457, 1246, 1176, 1070, 822, 

742, and 701 cm"^; 

NMR (CDCI3): 6 1.31 (3H, d, il = 6.9 Hz, CHCH3) ; 1.60 
(3H, s, CCH3) ; 3.24 and 3.46 (each IH each d, 
J » 14.7 Hz, each one of CH2indole) ; 3.79 (3H, s, OMe) ; 

25 4.95-5.05 (3H, m, CHjOCONH and CONHCH) ; 5.27 (IH, s, 

OCONH) ; 6.35-6.45 (IH, br.d, CONHCH); 6.75 (IH, s, 
indole Cj-H) ; 6.85 (2H, d, il = 8.6 Hz, ortho protons to 
OMe group); 7.09 (IH, t, jl = 7.4 Hz, indole C5 or 
Cg-H); 7.15-7.30 (8H, m, CHjPh, indole C5 or CgH, meta 

30 protons to OMe group); 7.33 (IH, d, J = 8.0 Hz, indole 
C7-H); 7.57 (IH, d, ^ - 7.8 Hz, indole C4-H) ; 7.95 (IH, 
s, indole NH) ; 

Analysis calculated for C, H, N. 
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EXAMPLE 21 
(Scheme IV) 

Step 9 



H 



. 1) OjN-^^OCOCl, NEt3 S-X^ 

CI— (()>— CH2OH — ^ = Me 

\^ 3indole *^ JL 

(' Me CI— aJ)V-CH20CONH'^CONH^^Ph 

HaN-^CONH^Ph B S 

10 fi s 

1) Method as for Example 20, Scheme IV, except used 
4-chlorobenzyl alcohol (1.42 g. 10 mmol) to give a 
crystalline carbonate (2.9 g, 94%) from ether; 
mp 135-138«»C; 

15 IR (film): 1761 (CO, carbonate), 1524, 1492, 1350, 

1261. 1215 cm-i; 

NMR (CDCI3): b 5.26 (2H, s, CHjO) ; 7.35-7.40 (6H, m. 



20 



aromatics); 8.25-8.30 (2H, m, — 0""°= >; 




ii 



MS m/e (CI*): 308 (6) (M*+H) , 292 -.(4), 278 (7), 266 
(15), 264 (41), 140 (43), 127 (82), 125 (100); 
Analysis calculated for C, H, N, CI. 

25 2) Method as for Example 20, Scheme IV, except used 
4-chloroben2yl carbonate (368 mg, 1.2 mmol). 
Chromatography using 3% MeOH/CHjClj followed by 
crystallization from ether gave a crystalline product 
(434 mg, 89%); mp 98-100«>C; 
30 ta]i° = +12.5«> (c - 1, MeOH); 

IR (film): 3450-3200 (NH) , 1712 (CO, urethane) , 1651 
(CO, amide), 1494, 1457, 1251, 1073, 742, and 700 cm"!; 
NMR (CDCI3): 6 1.29 (3H, d, J - 6.9 Hz, CHCH3) ; 1.63 ' 
(3H, s, CCH3); 3.26 (IH, d, jI - 14.8 Hz, one of 
CHjindole); 3.45 (IH, d, J - 14.8 Hz, one of 
CHjindole); 4.95-5.05 (3H, m, CH^O and CHCH3) ; 5.43 
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10 



15 



20 



25 



(IH. s, OCONH); 6.27 (IH, d, J = 7.5 Hz); 680 (IH, s, 
indole, C2-H) ; 7.05-7.30 (llH, m, CHEli. 01-^1, indole 
C5 and Cg-H); 7.34 (IH, d, J « 8.0 Hz, indole C7-H) ; 
7.58 (IH, d, jI = 7.9 Hz, indole C4-H) ; 8.01 (IH, s, 
indole NH) ; 

Analysis calculated for C, H, N. 



1) Method as for Exan^jle 20, Scheme IV except used 
Qf-methylbenzylalcohol (1.22 g, 10 mmol) to give a 
crystalline carbonate (2.3 g, 80%) for ethyl acetate; 
mp SS-gs^C; 

IR (film): 1750 (CO, carbonate), 1536, 1349, 1268, 
1218, 865 cm-^; 

NMR (CDCI3): 6 2.37 (3H, s, CH3) ; 5.26 (2H, s, CBjO) ; 
7.15-7. 4a (6H, m, aromatics) ; 8.24-8.30 (2H, m. 



MS m/e (CI+) : 288 (6) (M*+H) ; 244 (41) , 239 (12) , 198 
(49), 140 (36), 122 (25), 106 (51), 105 (100); 
Analysis calculated for C, H, N. 



EXAMPLE 22 



(Scheme IV) 





H 



35 



2) tfethod as for Example 20, Scheme IV, except used 
4-methylbenzylcarbonate (345 mg, 1.2 mmol) . Residue 
chromatographed using 2% MeOH/CHjClj emd 
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crystallization from ether gave product (350 mg, 75%) ; 
mp 85-950C (Needles); 
[a]g* - +15. 5« (c = 1, MeOH) ; 

IR (film): 3500-3200 (NH, 3059, 3028, 2977, 2930, 1709 
5 (CO, ure thane ) , 1652 (CO, amide), 1494, 1457, 1251, 

1071, 742, and 700 cm'^; 

NMR (CDCI3) : 5 1.30 (3H, d, i - 6.9 Hz, CHCH3) ; 1.61 
(3H, s, CCH3); 2.34 (3H, s, Me-aryl) ; 3.24 (IH, d, 
jI = 14.7 Hz, one of CHj indole ) ; 3.46 (IH, d, 

10 il - 14.8 Hz, one of CHjindole) ; 4.95-5.07 (3H, m, CIi20 

and CHCH3); 5.31 (IH, s, OCONH) ; 6.38 (IH, d, 
si = 7.7 Hz, CONHCH) ; 6.77 (IH, d, i - 2.2 Hz, indole 
C2-H) ; 7.05-7.30 (IIH, m, CHPh, pMe-Ph, indole C5 and 
Cg-H) ; 7.33 (IH, d, J - 8.1 Hz, indole C7-H) ; 7.58 (IH, 

15 d, J = 7.7 Hz, indole C4-H) ; 7.98 (IH, s, indole NH) ; 
Analysis calculated for C, H, N. 

EXAMPLE 23 
(Scheme V) 

20 



25 




Benzyl chloro formate (0.85 mL, 0.005 mol) was added 
in one portion to a vigorously stirred suspension of 
S-ed)rine (1 g, 0.0040 mol), potassium carbonate (1.2 g, 

30 0.009 mol) in dioxane (15 mL) smd water (1 mL) . The 
mixture was stirred at room temperature for 1 hour, 
after which time t.l.c. analysis indicated the 
consumption of starting material. The solvent was 
removed in vacuo. The residue was treated with 2 M 

35 hydrochloric acid (20 mL) , water (40 mL) , euid extracted 
with EtOAc (3 X 30 mL) . The organic phase was washed 
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with water (10 mL) , brine (2 x 10 mL) , dried (MgS04) , 
and the solvent removed in vacuo to give the 
N-protected aunino acid (Scheme V) as a dark 
straw-colored oil (1.25 g, 77%) which was used in the 
next reaction without further purification; 
umax (film) : 3345 br (OH) , 1740 shoulder (C - 0 acid) 
and 1684 cm-^ v. broad (C - 0, carbamate). 

The carboxylic acid (0.85 g, 0.0024 mol) , 
N,N' -dicyclohexylcarbodiimide (DCC) (0.56 g, 
0.0024 mol) and pentaf luorophenol (PFP) (0.44 g, 
0.0027 mol) were dissolved in EtOAc (20 mL) and the 
reaction mixture stirred at room temperature for 
1 hour. The mixture was filtered to remove the white 
solid. Benzylamine (0.3 mL, 0.0026 mol) was added and 
the mixture stirred for 10 hours at rocan ten^erature. 
The solvent was removed in vacuo and the crude product 
was purified by coliimn chromatography, eluting with 
dichloromethane: methanol (9:1) giving Example 23 as a 
white solid (0.66 g, 63%); xap 48-54«»C; 
IR (film): 3326 (NH) , 1695 (shoulder, C « 0, 
carbamate), 1662 (C = 0, amide), 1547, 1497, and 
1402 cm*^; 

NMR (DMSO-dg) : 2.88 (3H, br.s, NHCH3) ; 3.10 (IH, br, 
m, CH^H^Ind) ; 3.33 (IH, m, CHaHj^Ind) ; 4.32 (2H, d, 
il = 6 Hz, NHCH^Ph) ; 4.8-5.2 (3H, m, ArCH20 and CH) ; 
6.8-7.7 (15H, m, aromatics and carbamate NH) ; 8.65 (IH, 
s, br, amide NH) ; 10.85 (IH, s, indole NH) ; 
MS m/£ (CI) 442 (M*+H) . 
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EXAMPLE 24 
(Scheme V} 



io 

f Me 

PhCHjOCON^^CONH ph 
S S 



A solution of CBZ-£-abrine pentaf luorophenyl ester 
(100 mg, 0.20 mraol) in EtOAc (10 mL) was treated with 
S- (-) -a-methylbenzylamine (470 mg, 4.00 mmol) at room 
temperature for 10 minutes with stirring. The mixture 
was then washed with diluent HCl (20 mL) then 
_15 (20 mL) . The organic phase was dried over MgSO^, 

filtered, and evaporated to dryness in vacuo. The 
residue was purified by chromatography using 10% 
EtjOtgo* CH2CI2 as eluant to give the product as a 
white foam (68 mg, 77%); mp 58-60«>C (EtjO/CHjClj) ; 
20 IR (nujol mull) : 1681 and 1656 cm-^; 

NMR (DMSO-dg): 6 1.40 (3H, d, J - 7 Hz) , 2.80 (3H, s) ; 
3.00 (IH, m); 3.20 (IH, m) ; 4.80-5.10 (4H, m) ; 
6.80-7.70 (15H, m) ; 8.50 (IH, d, J = 9 Hz); 10.80 (IH, 
br) ; 

25 MS (CI) m/e, 456 (55, M++H) , 290 (100), 91 (55). 

Analysis calculated for C, H, N, CjgHagNgOs • 0 .25H2O: 

C, 73.10; H, 6.46; N, 9.13%. 
Pound: C, 73.34; H, 6.41; N, 9.19%. 



wo 94/04494 



PCr/US93/07552 



-71- 

EXAMPLE 25 
(Scheme V) 



5 




A solution of CBZ-S-abrine pentaf luorophenyl ester 
10 (100 mg, 0.20 mmol) in EtOAc (20 mL) was treated with 

N-methyl benzylamine (470 mg, 3.90 mmol) for 10 minutes 
at room ten?)erature . The mixture was washed with 2N 
HCl (20 mL, then HjO (20 mL) . The organic phase was 
dried (MgS04) , filtered, evaporated, and the residue 
15 subject to reverse phase chromatography using 60% -70% 
MeOH in H2O to give the product as a white foam (66 mg, 
75%) ; mp 44-45«>C (MeOH/HjO) ; 
ta]g° - -49« (c - 0.1, MeOH); 
IR (nujol mull) : 1683 and 1633 cm'^; 
NMR (DMSO-dg, 360«»K): 6 2.80 (3H, s) ; 2.90 (3H, s) ; 
3.0-3.4 (2H, m) ; 4.50 (2H, m) ; 5.00-5.60 (3H, br, m) ; 
6.90-7.60 (15H, m) ; 10.60 (IH, br) ; 

MS (CI) m/e 456 (42, M*+H) , 335, 2.90 (100), 91 (62). 

EXAMPLE 26 
(Scheme V) 




A solution of CBZ-S-abrine pentaf luorophenyl ester 
(100 mg, 0.20 mmol) in EtOAc (20 mL) was treated with 
4-trif luoromethylbenzylamine (1.23 g, 7.03 mmol) for 
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10 minutes at room temperature. The organic phase was 
washed with diluent HCl (25 mL) then (25 mL) , dried 

(MgS04) , filtered, and evaporated to dryness in vacuo. 
The residue was purified by silica gel chromatography 
5 using CH2CI2 then 20% Et20 in CH2CI2 as eluant to yield 

the product as a white foam (84 mg, 85%) ; mp 55-57**C 
(Et20/CH2Cl2) ; 

= -58<^ (c = 0.1, MeOH) ; 
IR (nujol mull) : 1689 and 1660 cm"^; 
10 NMR (DMSO-dg) : 6 2.80 (3H, s) ; 3.10 (IH, m) ; 3.30 (IH, 

m); 4.40 (2H, d, J « 6 Hz); 4.80-5.10 (3H, br.m) ; 
6.90-7.70 (14H, m) ; 8.70 (IH, br) ; 10.90 (IH, br) ; 
MS (CI) m/e 510 (50, M^+H) , 344 (72), 130 (62), 91 
(100) . 

15 Analysis calculated for C, H, N, C2eH26N303F3 : 
C, 66.00; H, 5^4; N, 8.25%. 
Found: C, 66.17; H, 5.15; N, 8.24%. 

EXAMPLE 27 

20 (Scheme V) 




A solution of CBZ-£-abrine pentaf luorophenyl ester 
(100 mg, 0.20 mmol) in EtOAc (10 mL) was treated with 
R- ( + ) -a-methylbenzylamine (470 mg, 4.00 mmol) at room 

30 temperature for 10 minutes with stirring. The mixture 
was then washed with 2N HCl (20 mL) then H2O (20 mL) . 
The organic phase was dried over MgS04, filtered, and 
evaporated in vacuo to give a residue that was purified 
by chromatography using 10% Et20 in CH2CI2 as eluant to 

35 give the product as a white foam (62 mg, 71%) ; 

mp 51-56^C (Et20/CH2Cl2) ; 
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[Of]D° - -40«' (c - 0.1, MeOH) ; 

IR (nujol mull) : 1690 and 1653 cm^^; 

NMR (DMSO-dg) : 6 1.30 (3H, d, J - 7 Hz) ; 2.80 (3H, 

br.s); 3.00-3.30 (2H, m) ; 4.81-5.10 (4H, br.m) ; 

6.90-7.70 (15H, m) ; 8.40 (IH, br.d, jl - 9 Hz); 10.80 

(IH, br.s) ; 

MS (CI) m/e 456 (33, M^+H) ; 412 (30), 335 (55), 290 
(100) , 91 (58) . 

Analysis calculated for C, H, N, C28H29N3O3 • 0 .25H2O: 

C, 73.10; H, 6.46; N, 9.13%. 
Found: C, 73.26; H, 6.32; N, 9.11%. 



EXAMPLE 28 
(Scheme V) 

15 




A solution of CBZ-S-abrine pentaf luorophenyl ester 
(100 mg, 0.20 mmol) in EtOAc (30 mL) was treated at 
room temperature with 4-chlorobenzylamine (600 mg, 

25 4.20 mmol) at room teii5)erature for 10 minutes. The 
reaction mixture was then washed with 2N HCl (50 mL) 
then HjO (50 mL) . The organic phase was dried over 
MgS04, filtered, and evaporated to dryness in vacuo. 
The residue was purified by chromatography using 10% 

30 Et20:CH2Cl2 as eluant to give the product as a white 
foam (62 mg, 60%); mp 56-58»C (Et20/CH2Cl2) ; 
[a]g° = -65«» (C - 0.25, MeOH); 
IR (nujol mull) : 1683 and 1659 cm"^; 

NMR (DMSO-dg, 340'C) : 6 2.80 (3H, S) ; 3.00-3.40 (2H, 
35 m); 4.30 (2H, d, J - 6 Hz) ; 5.00 (3H, br) ; 6.90-7.60 

(14H, m) ; 8.40 (IH, br) ; 10.60 (IH, br) ; 
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MS (CI) m/e 476 (55, M*+H) , 432 (45) , 335 (51), 310 
(75), 130 (65), 91 (100). 

Analysis calculated for C, H, N, C27H26N3O3CI : 

C, 68.13; H, 5.51; N, 8.83%. 
Found: C, 68.02; H, 5.40; N, 8.76%. 

EXAMPLE 29 
(Beginning of Scheme VI) 




-15 

Step 1 

To a stirred solution of S-abrine (4.00 g, 
18.3 mmol) and sodium carbonate (4.27 g, 40.3 mmol) in 
aqueous dioxan (1:2, 60 mL) , cooled in an ice bath, was 

20 added 9-f luorenylmethyl chlorofonnate (5.69 g, 22 mmol) 
dropwise in dioxan (40 mL) . Mixture was stirred for 
4 hours with cooling, then overnight at room 
temperature. Dioxin was removed in vacuo before 
diluting with water (100 mL) to obtain a clear 

25 solution. Extracted with ether (3 x 100 mL) , ether 
discarded, aqueous layer acidified using 2N HCl and 
extracted with ethyl acetate (3 x 200 mL) . Organic 
layers combined, washed with brine (2 x 100 mL) , dried 
over MgS04, filtered, and solvent removed in vacuo to 

30 obtain product (8 g, 99%) as a white noncrystalline 
solid; mp 80-85*C; 
lOflgO - -67.7«» (c = 1, MeOH); 

IR (film): 3500-2400, 1715 (CO, carboxylic acid) , 1685 
(CO, urethane), 1479, 1452, 1404, 1323, 1266. 1198, 
35 1153, 759, and 740 cm"^; 
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NMR (DMSO-dg) (340K): 5 2.77 (3H, s, NCH3) ; 3.05-3.20 
(IH, m, one of CHj indole ) ; 3.30 (IH, d.d, jl - 15.2 and 
5.0 Hz, one of CHjindole); 4.00-4.30 (3H, br.m, 
CHCH2OCONH); 4.89 (IH, d.d, jI = 10.2 and 5.0 Hz, 
CH2CHCO2H); 6.90-7.10 (3H, m, aromatics) ; 7.20-7.55 
(8H, m, aromatics); 7.83 (2H, d, jI - 7.5 Hz, fluorenyl, 
CH3); 10.65 (IH, s, indole NH) ; 

MS m/e (CI*): 441 (2) {M++H) , 245 (2), 219 (14), 207 
(9), 188 (5), 179 (100), 130 (17). 



pO „ p„, CO 

15 Mef ^ Mef 



FMOCN CO2H FMOCN ^CONHCHjPh 



To a stirred solution of Flnoc-S-abrine (4.40 g, 
10 mmol) in ethyl acetate (100 mL) , cooled in an ice 
bath, was added pentaf luorophenol (1.84 g, 10 mmol) 
followed by solid N,N' -dicyclohexylcarbodiimide 
(2.06 g, 10 mmol). After 4 hours at 0«C, 
dicyclohexylurea was filtered off and the residue 
washed with cold ethyl acetate (10 mL) . a solution of 
benzylamine (1.07 g, 10 mmol) was added to the filtrate 
dropwise over 10 minutes (reaction complete after 
15 minutes by IR) . Reaction mixture was washed with 
citric acid solution (2 x 20 mL) , sodium hydrogen 
carbonate solution (2 x 20 mL) , brine (l x 20 mL) , 
30 dried over MgS04, and solvent removed under vacuum. 

Residue was chromatographed using 30 then 40% ethyl 
acetate in hexane to give (4.98 g, 94%) as white 
noncrystalline solid; mp 74-79«»C; 
[a] 20 ^ .470 (c - 1, MeOH); 
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IR (film): 3317 (NH) , 3061, 2950, 1669 (br. , CO, amide 
and ure thane ) , 1526, 1453, 1402, 1318, 1248, 1152, 
1102, 741, and 700 cm^^; 

NMR (DMSO-dg) (340K) : 5 2.83 (3H, s, NCH3) ; 3.06 (IH, 
5 d.d, il = 15.0 and 9.7 Hz, one of CH2 indole ) ; 3.33 (IH, 

d.d, J = 15.0 and 5.8 Hz, one of CHj indole ) ; 4.00-4.40 
(3H, brm, CHCH2OCO) ; 4.30 (2H, d, il = 5.9 Hz, NHCH2Ph) ; 
4.97 (IH, d.d, il = 9.6 and 5.9 Hz, CHCHj indole ) ; 6.95 
(IH, t, jI = 7.3 Hz, indole CH) ; 7.00-7.08 (2H, m, 

10 indole CH2); 7.15-7.40 (lOH, m, aromatics) ; 7.44 (IH, 
d, J = 7.3 Hz); 7.51 (IH, d, il = 7.4 Hz); 7.61 (IH, d, 
il = 7.8 Hz); 7.82 (2H, d, J = 7.6 Hz, fluorenyl CHj) ; 
8.20-8.30 (IH, br.m, CONg) ; 10.65 (IH, s, indole NH) ; 
MS m/e (CI*): 530 (1) (M*+H) , 309 (8), 308 (35), 276 

15 (6), 207 (24), 180 (36), 179 (100), 178 (90). 



20 




A solution of Fmoc-S-abrine benzylamide (4.0 g, 
25 7.55 ramol) in 20% piperidine in DMF (20 mL) was stirred 
at room temperature for 5 minutes before removing the 
solvent under vacuum. Solid residue was stirred 
vigorously in pet. ether (100 mL) , decanted liquid off, 
and repeated 5 times before leaving to stir overnight 
30 in pet. ether (200 mL) . Filtered off crystalline 
product (2.2 g, 95%); mp 140-142«»C; 
[a]g° - +29.10 (c - 1, MeOH); 

IR (film): 3306 (NH) , 1651 (CO, amide), 1523, 1455, 
1340, 1103, 742, and 698 cm'^; 
35 NMR (DMSO-dg) (340K) : 5 1.75 (IH, s, NH) ; 2.20 (3H, S, 

NCH3); 2.85 (IH, d, jI = 14.2 and 7.2 Hz, one of 
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CH2 indole ) ; 3.02 (IH, d.d, il - 14.2 and 6.3 Hz, one of 
indole ) ; 3.24 (IH, t, ^ « 6.8 Hz, QICHj indole ) ; 4.19 
(IH, d.d, i - 15.1 and 5.6 Hz, one of CH2Ph) ; 4.30 (IH, 
d.d, jI = 15.0 and 5.9 Hz, one of CH2Ph) ; 6.96 (IH, t, 
5 i - 7.2 Hz, indole C5 or CgH) ; 7.00-7.30 (7H, m, CRzRh 

and 2 indole CH3) ; 7.34 (IH, d, J » 8.0 Hz, indole 
C7-H) ; 7.54 (IH, d, jI = 7.8 Hz, indole C4-H) ; 8.25 (IH, 
t, il - 6.0 Hz, CONH) ; 10.80 (IH, s, indole NH) ; 
MS m/e (CI+) : 308 (100 (M*+H) , 277 (21), 276 (12), 178 
10 (34), 177 (64), 173 (80), 132 (22), 131 (46), 130 (30), 

91 (25) . 



(Scheme VI) 



15 




20 Step 4 

To a stirred solution of 4-chlorobenzylalcohol 
(214 mg, 1.5 iranol) in ethyl acetate (10 itiL) at 0*C was 
added solid triphosgene (148 mg, 0.5 mmol) followed by 
the dropwise addition of pyridine (119 mg, 1.5 mmol) in 

25 ethyl acetate (5 mL) over 5 minutes. (After 30 minutes 

IR peak at 1776 cm'^.) Filtered off pyridine 
hydrochloride, removed solvent under vacuxom, residue 
taken up in THF (5 mL) and added dropwise to a solution 
of S-abrine benzylamide (307 mg, 1 mmol) and pyridine 

30 (119 mg, 1.5 mmol) in THF (20 mL) . Intense yellow 

color as chloroformate added, followed by the 
precipitation of pyridine hydrochloride. After 
30 minutes removed solvent under vacuum and residue 
chrcxnatographed using 4% MeOH/CH2Cl2 to give product 

35 (270 mg, 56%) as noncrystalline solid; mp 52-55^C; 

Ia]g° = -64.1 (c = 1, MeOH) ; 
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IR (film) : 3316 (NH) , 1685 (CO, urethane) , 1662 
(amide), 1530, 1493, 1455, 1399, 1318, 1142, 1092, 
1014, and 742 cm'^; 

NMR (DMSO-dg) (340K): b 2.85 (3H, s, NCH3) ; 3.07 (IH, 
5 d.d, il = 15.0 and 9.9 Hz, one of CH2 indole ) ; 3.32 (IH, 
d.d, jI = 15.0 and 5.8 Hz, one of CH2 indole ) ; 4.29 (2H, 
d, jI = 5.9 Hz, NHCHjPh) ; 4.80-5.05 (3H, br.m, 
CH2OCONHCH) ; 6.94 (IH, t, il = 7.4 Hz, indole CH) ; 
7.00-7.30 (IIH, m, aromatics) ; 7.34 (IH, d, jj = 8.5 Hz, 
10 indole C7-H) ; 7.57 (IH, d, J = 7.5 Hz, , indole C4-H) ; 

8.30-8.40 (IH, br.s, CONHCHj) ; 10.65 (IH, s, indole 
NH) ; 

MS m/e (CI+) : 476 (32) (M++H) , 434 (17), 432 (44), 369 
(23), 297 (17), 276 (100), 177 (24), 171 (24), 130 
15 (57), 125 (51), 91 (24). 



EXAMPLE 30 
(Scheme VI) 



20 




25 Step 5 

Method as for Step 4, Example 29 using 
4-trifluoromethylbenzyl alcohol (264 mg, 1.5 mmol) to 
give product (388 mg, 76%) as noncrystalline solid; 
nip 53-57»C; 

30 [a]g° = -63. I* (c - 1, MeOH); 

IR (film) : 3307 (NH) , 1663 (br, CO, amide and 
urethane), 1531, 1326, 1124, 1067, 1018, 824, and 
742 cm'^; 

NMR (DMSO-dg) (340K): 5 2.88 (3H, s, NCH3) ; ^-^O (^H, 
35 d.d, J - 14.9 and 10.0 Hz, one of CHj indole ) ; 3.33 (IH, 
d.d, ^ > 14.9 and 5.7 Hz, one of CHj indole ) ; 4.30 (2H, 
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d, il = 5.8 Hz, NHCHjPh) ; 4.90-5.10 (3H, m, CH2OCO and 
CHCH2 indole ) ; 6.93 (IH, t, J = 7.3 Hz, indole CH) ; 
7.00-7.35 (lOH, m, aronratics) ; 7.50-7.65 (3H, m. 




5 indole C^-H and ^^^-i^— )^ 8.30-8.40 (IH, br.s, 

fi 

CONH) ; 10.70 (IH, s, indole NH) ; 

MS m/e (CI+) : 510 (89) (M++H) , 490 (12), 446 (15), 403 
(41), 277 (34), 276 (100), 171 (26), 159 (30), 130 
10 (63) , 91 (24) . 



EXAMPLE 31 
(Scheme VI) 




20 

step 6 

A mixture of 2 , 3 - dimethoxybenzyl - 4 ' nitrophenyl 
carbonate (400 mg, 1,2 mmol) 4-dimethylaminopyridine 
(122 mg, 1.0 mmol), and S-eibrine benzylamide (307 mg, 
25 1.0 mmol) was stirred in DMF (5 mL) for 3 hours before 

solvent removed under vacuum. Residue taken up in 
ethyl acetate (50 mL) and washed with citric acid 
solution (2 X 50 mL) , brine (30 mL) , 2N NaOH solution 
(5 X 50 mL) , brine (30 mL) , dried over MgS04, filtered, 
30 and solvent removed iinder vacuum. Residue 

chroma tographed using 4% MeOH/CH2Cl to give product 
(500 mg, 100%) as white noncrystalline solid; 
mp 49-54«»C; 

[a)g° = -45. 3« (c = 1, MeOH) ; 
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IR (film): 3631, 3521, 3411, 3321, 2936, 2836, 1665 
{br, CO, urethane and amide), 1589, 1527, 1484, 1456, 
1400, 1186, 1151, 1085, 1009, 743, and 701 cm'^; 
NMR (DMSO-dg) (340K) : d 2.84 (3H, s, NCHa) ; 3-07 (IH, 
5 d.d, il - 14.9 and 9.7 Hz, one of qij indole ) ; 3.32 (IH, 

d.d, jI = 14.9 and 5.9 Hz, one of Cgj indole ) ; 3.65 (3H, 
s, OCH3) ; 3.79 (3H, s, OMe) ; 4.29 (2H, d, J » 5.9 Hz, 
NHCSaPh) ; 4.90-5.05 (3H, m, CHjOCONCH) ; 6.65-6.75 (IH, 
br.s, one of CH3 on OMe ring); 6.90-7.10 (5H, m, 
10 aromatics); 7.15-7.30 (5H, m, aromatics) ; 7.33 (IH, d, 

il = 8.1 Hz, indole C7-H) ; 7.57 (IH, d, J - 7.8 Hz, 
indole Cg-H) ; 8.25-8.35 (IH, m, CONHCHj) ; 10.65 (IH, s, 
indole NH) ; 

MS m/e (CI+): 502 (13) (M++H) , 459 (31), 458 (100), 
15 277 (21), 276 (92), 151 (87), 130 (35). 



EXAMPLE 32 
(Scheme VII) 




RS RS 

Benzylchloroformate (0.94 g, 5.5 mmol) was added 
dropwise to a suspension of ES-4-chlorophenylalanine 
(1.0 g, 5.0 mmol) in 1 M Na2C03 (20 mL) , cooled to O'C. 
The reaction mixture was stirred for 5 hours at room 
30 ten5)erature, then acidified to pH 1 with concentrated 
HCl. The white precipitate formed was collected by 
filtration and recrystallized from ethyl acetate/hexane 
to give CBZ-RS-4-chlorophenylalemine (0.95 g, 57%); 
mp 152-155«»C; 

35 IR (film): 3309, 1692 (urethane CO) and 1592 cm"^ 

(amide II) ; 
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NMR (DMSO-dg): 5 2.83 (IH, d.d, J - 10.9 and 13.7 Hz, 
one of ^CHj); 3.07 (IH, d.d, J - 4.3 and 13.7 Hz, one 
of ^CHj); 4.19 (IH, m, aCH) ; 4.97 (2H, s, CHjPh) ; 7.31 
OH, m, aromatics); 7.65 (IH, d, J = 8.5 Hz, NH) ; 
MS m/e (FAB) 334 [MHl*. 



(Scheme VII) 



10 



15 



20 




RS 




CBZ-ES-4-chlorophenylalanine (0.5 g, 1.5 mmol) was 
dissolved in ethyl acetate (5 mL) and 
dicyclohexylcarbodiimide (0.31 g, 1.5 mmol) was added. 
Pentafluorophenol (0.28 g, 1.5 mmol) was added and the 
reaction was stirred overnight at room temperature. 
The white precipitate formed was removed by filtration 
and the filtrate concentrated in vacuo to give the 
activated amino acid as a white solid which was 
redissolved in ethyl acetate (10 mL) . Benzylamine 
(0.16 mL, 1.5 mmol) was added and the reaction was 
25 stirred at room tenperature for 1 hour. The white 

precipitate was collected by filtration and purified by 
chromatography, followed by recrystallization from 
ethyl acetate to give the product (0.38 g, 60%); 
Tap IST-lse^C; 

30 IR (film): 3232, 1698 (urethane CO), 1657 (amide I), 

and 1553 cm"^ (amide II) ; 

NMR (DMSO-dg): 5 2.82 (IH, d.d., ^ - 10.3 and 13.4 Hz, 
one of ^CHj); 3.01 (IH, d.d., J - 4.5 and 13.4 Hz, one 
of ^CHj); 4.29 (3H, m, ofCH, NHCHzPh) ; 4 .97 (2H, s. 
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PhCH20) ; 7.17-7.36 (14H, m, aromatics) ; 7.58 (IH, d, 
il = 8.6 Hz, NH); 8.53 (IH, t. il = 5.8 Hz, HHCHaPh) ; 
MS m/e (CI) 423 M+. 



10 



EXAMPLE 33 
(Scheme VII) 




HzN ^COjH 
RS 




RS 



ES-4-Bromophenylalanine (0.98 g, 4 imnol) was 
15 suspended in a 1:1 mixture of dioxan/water (20 mL) . 
NaHCOj (0.67 g, 8 mmol) was added followed by a 
solution of dibenzyldicarbonate (1.37 g, 4.8 mmol) in 
dioxan-(5 mL) . The reaction was stirred at room 
temperature overnight, then diluted with water (20 mL) . 
20 After washing with ether (2 x 20 mL) , the aqueous layer 
was acidified to pH 1 with concentrated HCl and then 
was extracted with ethyl acetate (3 x 20 mL) . The 
combined organic extracts were washed with water 
(3 X 30 mL) , dried over MgS04, and the solvent was 
25 removed in vacuo. The white solid obtained was 

crystallized from ethyl acetate/hexane to give the 
product (1.16 g, 77%); mp 161-165»C; 
IR (film) : 3310, 1694 (urethane CO) , and 1532 cm^^ 
(amide II) ; 

30 NMR (DMSO-dg): 2.81 (IH, d.d, J - 10.7 and 13.7 Hz, 

one of ^CHa); 3.06 (IH, d.d, J = 4.3 and 13.7 Hz, one 
of ^CHj); 4.19 (IH, m, aCH) ; 4.97 (2H, s, CHjPh) ; 7.31 
(9H, m, aromatics); 7.76 (IH, d, J - 8.5 Hz, NH) ; 
MS m/e (FAB) 378, 380 M+. 
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20 



25 



30 




Method as for Example 32, Scheme VII. Yield 
10 (0.43 g, 61%); mp 163-164°C; 

IR (film): 3296, 1698 (urethane CO), 1656 (amide I), 
and 1548 can"^ (amide II) ; 

NMR (DMSO-dg): 6 2.78 (IH, d.d, ^ = 10.1 and 13.5 Hz, 
one of /SCHj); 2.98 (IH, d.d, ^ = 4.4 and 13.5 Hz, one 
of PCH^); 4.27 (3H, m, aCH, NHCHjPh); 4.95 (2H, s, 
PhCSzO); 7.16-7.45 (14H, m, aromatics) ; 7.55 (lH,'d, 
!l = 8.6 Hz, NH); 8.51 (IH, t, J - 5.6 Hz, NHC^^^i) ;' 
MS m/e (CI) 467, 469 M+. 



EXAMPLE 34 
(Scheme Vll) 




OH 

OH 



H2N ^C02H Ph^ O ^C02H 

H 




ES-3,4-Dihydroxyphenylalanine (0.99 g, 5 mmol) was 
suspended in a i:i mixture of dioxan water. NaHCOg 
(0.84 g, 10 mmol) was added followed by a solution of 
dibenzyldicarbonate (1.72 g, 6 mmol) in dioxan (5 mL) . 
The reaction was stirred overnight at room temperature 
35 under an atmosphere of nitrogen. The solution was 

diluted with water (20 mL) and was washed with ether 
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(2 X 20 mL) . The aqueous layer was then acidified to 
pH 1 with concentrated HCl and was extracted with ethyl 
acetate (3x30 mL) . The combined organic extracts 
were washed with water (3 x 30 mL) and then were dried 
5 over MgS04 . The solvent was removed in vacuo and the 
brown oil obtained was partially purified by 
chromatography to give a brown oil (1.49 g, 90%) . The 
oil (1.49 g, 4.5 mmol) was dissolved in ethyl acetate 
(15 mL) , dicyclohexylcarbodiimide (0.93 g, 4.5 mmol), 

10 and pentafluorophenol (0.83 g, 4.5 mmol) were added and 
the reaction was stirred overnight at room teit^erature . 
The precipitate formed was removed by filtration. 
Concentration of the filtrate in vacuo resulted in an 
orange oil (2.24 g) which was redissolved in ethyl 

15 acetate (10 mL) . Benzylamine (0.49 mL, 4.5 mmol) was 
added and the reaction was stirred at room temperature 
under an atmosphere of nitrogen for 2 hours. -Removal 
of the solvents in vacuo gave a brownish solid which 
was purified by chromatography to give the product 

20 (0.29 g, 16%); nq? 207-208«»C; 

IR 3500-3000: 1703 (urethane CO), 1662 (amide I), 1609 
(aromatic) and 1547 cm'^ (amide I) ; 

NMR (DMSO-dg) : 6 2.62 (IH, d.d, J = 9.0 and 13.5 Hz, 
one of /JCHj); 2.81 (IH, d.d, J - 4.6 and 13.5 Hz, one 

25 of /SCH2); 4.18-4.33 (3H, m, aCH, NHCH2Ph) ; 4.97 (2H, s, 

PhCHjO) ; 6.50 (IH, d, jl = 7.7 Hz, dihydroxy Phe H5) ; 
6.60 (IH, d, J = 7.7 Hz, dihydroxyPhe Hg) ; 6.67 (IH, s, 
dihydroxyPhe H2) ; 7.14-7.34 (lOH, m, aromatics) ; 7.40 
(IH, d, jI « 8.2 Hz, NH) ; 8.42 (IH, b.t, NHCHjPll) ; 8.66 

30 (2H, S, OH X 2) ; 

MS m/e (CI) 421 [M*] . 
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EXAMPLE 35 
(Scheme 1} 



MgthVl N- r (Phenvlmftthoxv) ear bonvll - . 
[3 . 5-bi3 (trif luoromethvl^phenvn -L- trvntonhan 



5 



10 



0 



NH 




O 



F 



F 



F 



Z-Trp-OPFP (0.2 g, 0.4 mmol) in EtOAc (30 mL) was 
treated with 3,5-bis (trif luoromethyl) benzyl alcohol 
(0.12 g, 0.5 mmol) and DMAP (0.03 g) . This mixture was 
warmed to reflux for 20 minutes. The reaction mixture 
was washed with 2 M HCl (2 x 50 mL) , then HjO 
(2 X SO mL), dried over MgS04, evaporated to 

dryness in vacuo. The residue was purified by silica 
gel chromatography using 30% EtOAc in CH2CI2 as eluant, 
then by reverse phase silica chromatography using 90% 
MeOH in H2O as eluant to give the product as a white 
solid (0.192 g, 85%); mp = 134-136«C (MeOH/HjO) ; 

= -8° (£ = 0.25, MeOH); 
IR (film): 3409, 1745, 1715, 1506 cm"^; 
NMR (DMSO-dg) : fi 3 . 15 (2H, m) ; 4.38 (IH, m) ; 4.98 
(2H, s); 5.20 (IH, d, J = 13.3 Hz); 5.32 (IH, d, 
a = 13.4 Hz); 6.96 (IH, t, il - 7.4 Hz); 7.05 (IH, t, 
3. - 8.1 Hz); 7.16 (IH, s) ; 7.30 (6H, m) ; 7.48 (IH, d, 
jI = 8.0 Hz); 7.90 (IH, d, jl = 7.4 Hz); 7.99 (2H, s) , 
8.05 (IH, s) ; 10.82 (IH, br s) ; 

MS m/e (CI) : 565 (22%) , 564 (21%) , 521 (31%) , 504 
(36%), 131 (53%), 130 (10jO%), 91 (83%); 
Analysis calculated for C28H22N204Fg: 
C, 59.58; H, 3.93; N, 4.96%. 
Found: C, 59.87; H, 4.03; N, 4.98%. 
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EXAMPLES 36 and 37 
Phgnylmethvl n - (IH-indm -^^ -vlTnP^.hy^ \ -i-methvl - 
2- r ri- (4-Tri«»t|lvTphenvl)ethvnaTninn1 -^-Qxr>f>hhYn r arbaiTiaro 

Stereoisomer I 

5 



10 




Phenvlmef.hvl n - n w- indol - ^ -ylmethvl ) - 1 -methyl - 
?- rri- (4-mprhvlphenvl)ethvnam-i n ol raT-h^^m^t- o 

3^ stereoisomer ll 



20 




Step 1 

25 4 ' -Methylacetophenone (93.9 g, 0.70 mol) was 

treated with EtOH (330 mL) , (400 mL) , hydroxylamine 

hydrochloride (51.1 g, 0.735 mol), potassium hydroxide 
(94.7 g (85%), 1.44 mmol) and stirred for 12 hours. 
Solution poured into 1 L of water and treated with 

30 excess solid carbondi oxide . Filtration and 

recrystallization from ether/hexane gave pure product 
(92 g, 88%); mp 82-84«»C; 

IR (film): 3327 (broad), 2925, 1607, 1515, 1456, 1369, 
1313, 1304, 1180, 1127, 1012, 927, 821, 749 cm"^; 
35 NMR (CDCI3): 6, 2.29 and 2.37 [each 3H, each s, CH 



and Ar-CHg)]; 7.19 (2H, d, ^ = 8.0 Hz, meta to Me) ; 
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7.52 {2H, d, si = 8.1 Hz, ortho to Me); 9.27 
(IH, s, OH) ; 

Analysis calculated for C^E^^m-. 

C, 72.46; H, 7.43; N, 9.39%. 
Found: C, 72.35; H, 7.46; N, 9.38%. 

Step 2 

Oxime (29.83 g, 0.2 mol) dissolved in absolute 
EtOH (200 mL) and 10% palladium on carbon (2 g) added. 
Shaken for 3 hours under an atmosphere of hydrogen at 
50 psi before filtering off catalyst using celite. 
Solvent removed under reduced pressure and residue 
taken up in 250 mL of ether and amine extracted into 
15% hydrochloric acid (50 mL) , aqueous phase basif ied 
using 50% NaOH solution and product extracted with 
ether (2 x 250 mL) . Organic phase dried over KjCOg, 
ether removed under reduced pressure, and residue 
distilled to give pure product (24.6 g, 91%); bp 120*C 
10 mm Hg; 

NMR (CnJClg): 6 1.37 (3H, d, J - 6.6 Hz, CHCH3) ; 1.47 
{2H, s, NH2); 2.33 (3H, s, MeAr) ; 4.08 (IH, q, 

3. = 6.6 Hz, CHCH3); 7.13 (2H, d, J « 7.13 Hz); 7.23 
(2H, d, il = 7.23 Hz) ; 

Analysis calculated for CgHj^gN- 0 . 05H2O1 

C, 79.42; H, 9.70; N, 10.29%. 
Found: C, 79.36; H, 9.76; N, 10.26%. 

Step 3 

To a stirred solution CBZ- (R) -a-methyltryptophan- 
pentafluorobenzyl ester (0.259 g, 0.5 mmol) in EtOAc 
(30 mL) was added amine (0.081 g, 0.6 mmol) and left to 
stir overnight at room temperature. Reaction mixture 
washed with 10% citric acid solution (3 x 30 mL) , HjO 
(30 mL) , saturated NaHCOj solution (2 x 30 mL) , brine 
(2 X 30 mL) , dried over MgS04, solvent removed 

under reduced pressure. Residue chroma tographed 
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using ether as eluant or normal phase silica. 
Crystallization from ether (2 mL) over 2 days in 
freezer gave pure Isomer I (CAM 2676) (0.09 g, 38%). 
The filtrate was taken, solvent removed under reduced 
pressure, and a foam obtained from dichlorome thane to 
give CAM 2677 (Mainly Isomer II, de >70% by NMR, 80 ro 
34%) . 



Isomer I 
10 mp 155-158«>C; 

la]p = 8.1« (c = 0.5, MeOH) ; 

IR (film): 3328 (br, NH) , 2926, 1713 (CO, urethane) , 

1651 (CO, amide), 1505, 1456, 1249, 1070, 81 cm"; 

NMR (CDCI3): 6 1.28 (3H, CI, CHCH3, jl = 6.9 Hz); 1.61 

15 (3H, s, CCH3); 2.32 (3H, s, CH^Ar) ; 3.26 (IH, d, 

i - 14.8 Hz, one of CHj indole); 3.46 (IH, d, 
!l - 14.7 Hz, one of CHj indole); 4.97 (IH, p, 
jZ - 7.2 Hz, NHCHCH3); 5.07 (2H, s, CHaPh) ; 5.37 (IH, s, 
OCONH); 6.25-6.35 (IH, br.d. NHCH) ; 6.80 (IH, s, indole 

20 CjH); 7.03-7.35 (12H, m, aromatics) ; 7.58 (IH, d, 

J = 7.7 Hz, indole C4-H) ; 7.95 (IH, s, indole NH) ; 
MS m/e (CI*): 469 (M*, 0.2%), 362 (1%), 340 (1%), 318 
(3%), 244 (3%), 130 (16%), 119 (13%), 108 (20%), 91 
(100%) ; 

25 Analysis calculated for C29H3j^N3O3-0.2H2O: 

C, 73.61; H, 6.69; N, 8.88%. 
Found: C, 72.68; H, 6.63; N, 8.82%. 

Isomer II 
30 mp 62-65«C; 

[a]g° = +45«» (c = 0.5, MeOH); 

IR (film): 3325 (br, NH3) , 3057, 2976, 2925 (CH str) , 
1715 (CO, urethane) , 1652 (CO, amide) , 1506, 1456, 
1341, 1250, 1070, 817, 74 cm"^; 
35 NMR (CDCI3) : 6 1.30 (3H, d, il = 6.8 Hz, CH3CH) ; 1.56 

(2.55H, s, Ql3C for major diastereoisomer) ; 1.60 
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(0.45H, s, CH3C for minor diastereoisomer) ; 2.31 (3H, 
s, Ar M£) ; 3.28 and 3.47 (each IH, each d, si » 14.7 Hz, 
each one of CE2 indole); 4.92-5.06 (2H, m, CHCH3, one 
of CH2O) , 5.11 (IH, d, jI » 12.1 Hz, one of CH2O) ; 5.27 
5 (0.85H, s, OCONH); 5.40 (0.15H, s, OCONH) ; 6.30-6.40 

(IH, br.d, CHNH) ; 6.79 (IH, s, indole CjH) ; 7 . 05 -7 .35 
(12H, m, aromatics) ; 7.57 (IH, d, jl - 7.9 Hz, indole 
C4H) ; 8.06 (IH, s, indole NH) ; 

MS m/e (CI+) : 470 (M*+H, 9%) , 426 (2%) , 352 (2%) , 340 
10 (11%), 318 (20%), 244 (12%), 130 (94%), 119 (100%), 91 

(88%) ; 

Analysis calculated for C29H3iN3O3-0.2H2O: 

C, 73.61; H, 6.69; N, 8.88%. 
Found: C, 70.56; H, 6.69; N, 8.88%. 

15 

EXAMPLE 38 

Phenvlmethvl fR- fR* . r*) 1 - f2- r f l-cvclohexvlethvl) - 
amino] -1- (lH-ind ol-3-vlmethvl) -1-methvl- 
2 - Qxoethv l 1 carbamate 




A solution of Z-a-Me-R-Trp-OPFP ester (0.5 g, 
30 0.1 mmol) in EtOAc (30 mL) was treated with cyclohexyl- 
1-ethyl amine (E isomer) (0.15 g, 1.2 mmol) and stirred 
for 2 hours at room ten^erature. The solvent was 
evaporated and the residue purified by silica gel 
chromatography using 0-1% MeOH in CH2CI2 as eluant then 
35 by reverse phase silica gel chromatography using 30% 
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MeOH in HjO as eluant to give the product as an 
amorphous white solid (0.277 g, 62%); mp 51-73'C; 
IR (film): 3318, 1709, 1650, 1516, 1655 cm'^; 
NMR (CDCI3) : 6 0.73-0.98 (2H, m) ; 0.89 (3H, d, 
5 J - 6.7 Hz); 1.00-1.30 (4H, m) ; 1.47-1.87 (5H, m) ; 1.56 

(3H, s) ; 3.28 (IH, d, J » 14.7 Hz); 3.48 (IH, d, 
J = 14.5 Hz); 3.64-3.82 (IH, m) ; 5.08 (2H, br.s) ; 5.46 
(IH, s) ; 6.13 (IH, d, J = 8.8 Hz); 6.87 (IH, d, 
it = 2.2 Hz); 7.06 (IH, dt, 3. ' 1-0 and 7.0 Hz); 7.14 
10 (IH, dt, J = 1.0 and 7.0 Hz); 7.30 (5H, m) ; 7.55 (IH, 

d, J = 7.8 Hz); 8.61 (IH, s) ; 
Analysis calculated for C28H34N3O3 • 0 .25H2O: 

C, 72.31; H, 7.48; N, 9.08%. 
Found: C, 72.24; H, 7.58; N, 8.81%. 



15 



20 



-.EXAMPLE 39 

Phenvimethvi (R.RS) - \2- f fi- [3 . 5-bis ( trif luoromethvl) - 
phenyaH-ethvll aminol -1- (lH-indol-3 -vlmethvl) - 1 -methyl - 
2-oxoethyn carbamate 



25 




A solution of Z-Q!Me-R-Trp-OPFP ester (0.25 g, 
0.50 mmol) in EtOAc (50 mL) was treated with 3, 5 -bis - 

30 (trifluoromethyl) -a-methyl-benzylamine (RS mixture) 
(0.245 g, 0.950 mmol) . The reacting mixture was 
stirred at room tenperature for 1 hour, washed 2 M HCl 
(2 X 50 mL) and HjO (2 x 50 mL) . The organic phase was 
dried (MgS04) , filtered, and evaporated to dryness 

35 in vacuo. The residue was purified by silica gel 
chromatography using a 10-80% gradient of EtOAc in 
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15 
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25 



30 



hexane as eluant, then by reverse phase silica gel 
chromatography using 80% MeOH in as eluant to give 
the product as a white foam (0.232 g, 81%); it^j 69-73*C 
(CH2CI2) ; 

[a]g° = +29 {£. = 0.25, MeOH) ; 

IR (film): 3327, 1716, 1661, 1506, 1279 cm"^; 
NMR (DMSO-dg) (340 K) : 6 1.25-1.45 (6H, m) ; 3.20 (IH) 
and 3.36 (IH) both obscured by HjO; 5.04 (3H, m) ; 6.79 
(IH, br.s); 6.87-7.10 (3H, m) ; 7.33 (6H, m) ; 7.46 (IH, 
d, jI = 7.8 Hz); 7.87-8.15 (4H, m) ; 10.70 (IH, br.s) ; 
Analysis calculated for C3QH27N303Fg: 
C, 60.91; H, 4.60; N, 7.10%. 
Found: C, 60.93; H, 4.68; N, 6.96%. 



Phenvlmethvl (R . RS ) - fl - (IH- in dol - 3 - ylmethvl ) - 2 - f fl - 
(4-meth03cvph6nvl) ethvll amino! -1 -methyl- 2 -oxoethvll - 
carbamate 



Z-R-a-Me-Trp-OPFP ester (0.2 g, 0.4 mmol) in EtOAc 
(30 mL) was treated with racemic 4-methoxy-a-methyl- 
benzyl amine (0.15 g, 1.00 mmol) as the mixture stirred 
at room temperature for 20 minutes. Triethylamine 
(1 g, 9 mmol) was then added and the solution stirred a 
further 30 minutes. The reaction mixture was washed 
with 1 U HCl (2 X 50 mL) then HjO (2 x 50 mL) , dried 
(MgS04) ' filtered, and evaporated to dryness in vacuo. 
The residue was separated by chromatography over silica 
gel using CH2CI2 then 20% EtjO in CHjClj as eluant to 
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give the product as a white foam (0.176 g, 94%); 
mp 62-65«C (MeOH) ; 
[alg° = +19« is. = 0.5, MeOH) ; 

IR (film): 3338, 2933, 1716, 1652, 1513, 1456, 
5 1247 cm*^; 

NMR (DMSO-dg) : 5 1.26 (1.5H, d, J = 7.1 Hz); 1.30 

(1.5H, d, jI = 7.1 Hz); 1.33 (1.5H, s) ; 1.38 (1.5H, s) ; 
3.30 (2H, obscured by HjO) ; 3.72 (1.5H, s) ; 3.73 (1.5H, 
S) ; 4.85 (IH, m) ; 5.04 (2H, s) ; 6.79-6.95 (5H, m) ; 7.02 
10 (IH, t, J = 7.1 Hz); 7.20 (2H, dd, J = 8.7 and 

12.6 Hz); 7.34 (6H, m) ; 7.47 (IH, t, jI = 7.2 Hz); 7.81 

(0.5H, d, jI = 8.0 Hz); 7.93 (0.5H, d, il = 8.0 Hz); 
10.80 (IH, br.s); 

MS m/e (FAB) : 486 (75%) , 356 (100%) , 264 (98%) ; 
15 Analysis calculated for C29H33^N3O4'0.25H2O: 
C, 71.07; H, 6.48; N, 8.57%. 
Found: C, 71.08; H, 6.58; N, 8.40%. 

EXAMPLE 41 

20 4 - Pvridinvlmethvl T 1 - ( IH- indol - 3 - vlmethvl ) - 1 -methvl - 

2-OXO-2- r (l-phenvlethvl)aminQl carbamate 




30 To a stirred solution of n^^^-chjoco2-^|^no, 

(Veber, et al., J Ora Chem 1977;42:3256) (302 mg, 
1.1 mmol) and a-methyltryptophanyl-l-phenethylamide 
(321 mg, 1 mmol) in DMF (10 mL, anhydrous) was added 
35 solid DMAP (122 mg, 1 mmol) . After stirring overnight 
at room temperature, the DMF was removed at 60 under 
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reduced pressure and the residue suspended between 
EtOAc (50 mL) and IN NaOH solution (50 mL) . The 
organic phase was washed with 5 x 30 mL portions of IN 
NaOH solution, brine (30 mL) , dried over MgS04, 
5 filtered, and solvent removed under reduced pressure. 

Residue chromatographed using normal phase silica with 
EtOAc/MeOH/NHj (90:10:1) to Obtain desired product 
which crystallized from ether giving white needles 
(180 g, 39%); mp 146-148'»C; 
10 [a]g° = +4 (c = 0.5, MeOH); 

IR (film): 3309 (br, NH) , 1721 (CDCl urethane) , 1650 
(CO, amide), 1609, 1494, 1455, 1417, 1342, 1252, 1077, 
910, 735, 700, 666 cm" ; 

NMR (CDCI3): 6 1.27 (3H, d, J = 6.9 Hz, CH, CH3) ; 1.67 
15 (3H, s, CCH3); 3.32 (IH, d, ^ = 14.7 Hz, one of CHj 

indole); 3.47 (IH, d, jl = 14.7 Hz, one of CHj indole); 

5.00 (IH, p, il = 7.0 Hz, CH3CHNH); 5.07 (2H, s, C^jO) ? 

6.20 (IH, d, jI - 7.3 Hz CONHCH); 5.67 (IH, s, OCONH) ; 

6.87 (IH, d, jI - 2.3 Hz, indole CjH) ; 7.05-7.30 (9H, m, 
20 CH£h, 2 indole CH's and 2 pyridyl CH's); 7.36 (IH, d, 

3. = 3.0 Hz, indole C7H) ; 7.59 (IH, d, il = 7.9 Hz 

indole C4H) ; 8.09 (IH, s, indole NH) ; 8.54 (2H, d.d, 

i = 4.4 and 1.6 Hz, pyridyl CH's); 

MS m/e (CI+) : 457 (M^+H, 2%), 348 (5%), 244 (4%), 219 
25 (1%) , 201 (3%), 138 (10%), 130 (24%), 110 (100%), 92 

(52%) ; 

Analysis calculated for C27H28N4O3-0.25H2O: 

C, 70.34; H, 6.23; N, 12.15%. 
Found: C, 70.31; H, 6.08; N, 11.99%. 



30 
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EXAMPLE 42 



10 



15 



20 



25 



30 



j-lhignylmftthyl FR- (R*.S*) 1 - Fl- f^w-Sn d Ql-3-vlIn^^■hvl) .l-^^^hv^ -?-c«n-^- r M - 
Phenvl«>rhvl ) amin ol ethvll earbamat^e 



To a stirred solution of 3 - thiophenmethanol 
(1.14 g, 10 mmol) and 4-nitrophenylchlorofonnate 
(2.01 g, 10 mmol) in dichloromethane (50 mL) at 0«»C was 
added dropwise a solution of pyridine (0.79 g, lo mmol) 
in dichloromethane (10 mL) . Reaction mixture allowed 
to warm-to room ten?)erature overnight. Solvent removed 
under reduced pressure and residue taken up between 
EtOAc (50 mL) and 10% citric acid solution (50 mL) . 
Organic phase washed successively with 10% citric acid 
solution (2 X 30 mL) , H2O (30 mL) , saturated NaHCOg 
solution (2 X 50 mL) , and brine (50 mL) . Organic phase 
dried over MgS04, filtered, and solvent removed under 
reduced pressure. Two crystallizations from EtOAc gave 
pure product (l.ll g, 40%); mp 75.0-78.4«C; 
IR (film) : 1763 (C = 0) , 1593 (aromatic C-H) , 1522 
(NO2), 1491, 1347 (NO2), 1211, 1164, 862 cm*^; 
NMR (CDCI3): 6 5.30 (2H, s, CHj) ; 7.16-7.18 (IH, m, 
aromatic C-H); 7.35-7.45 (2H, m, aromatic); 7.37 (2H, 



d, J = 9.1 Hz-, <0/-N02 ); 8.27 (2H, d, il = 9.2 Hz 




H 




H 



H 




) . 



H 
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Analysis calculated for C12H9NO5S: 

C, 51.61; H, 3.25; N, 5.02; S, 11.48%. 
Found: C, 51.57; H, 3.21; N, 5.03; S, 11.34%. 

5 Step 2 

To a stirred solution of the carbonate (154 mg, 
0.55 mmol) and a-methyltryptophanyl-l-phenethylamide 
(160 mg, 0.5 mmol) in DMF (5 mL, anhydrous) was added 
solid DMAP (61 mg, 0.5 mmol) and left to stir overnight 

10 at room temperature. Solvent removed at 60«C under 
reduced pressure and the residue taken up in EtOAc 
(30 mL) and washed successively with 10% citric acid 
solution (2 X 30 mL) , H2O (30 mL) , IN NaOH (5 x 30 mL, 
until aqueous phase no longer intense yellow in color) , 

15 and brine (2 x 30 mL) . Organic phase dried over MgS04, 
filtered, solvent removed under reduced pressure, and 
residue crystallized from ether to give pure product 
(197 mg, 85%); mp 117-121«»C; 

IR (film) : 3327 (br, NH) , I7li (CO, urethane) , 1651 
20 (CO, amide), 1494, 1454, 1247, 1071, 909, 741 cm'l; 

NMR (CDCI3): 6 1.32 (3H, d, jl - 6.9 Hz, CH3CH) ; 1.61 

(3H, s, CH3C), 3.25 (IH, d, il = 14.8 Hz, one of CHj 

indole); 3.46 (IH, d, jl - 15 Hz, one of CHj indole); 

4.95-5.15 (3H, m, CH2O and CHPh) ; 5 . 33 (IH, s, OCONfi) ; 
25 6.35-6.45 (IH, br.d, CONHCH) ; 6.76 (IH, s, indole CjH) ; 

7.05-7.35 (IIH, m, aromatics) ; 7.57 (IH, d, il = 7.7 Hz, 

indole C4-H) ; 8.01 (IH, s, indole NH) ; 

MS m/e (C1-): 462 (M*+H, 0.2%), 348 (4%), 304 (2%), 

244 (5%), 219 (1%), 158 (1%), 130 (37%), 114 (94%), 97 
30 (100%) , 85 (71%) ; 

Analysis calculated for C26H27N3O3S: 

C, 67.66; H, 5.90; N, 9.10; 0, 6.95%. 

Found: C, 67,51; H, 5.88; N, 9.03; O, 6.94%. 



35 
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EXAMPLE 43 

X-mgthYl-2-0XP-2- f (1 -phenvlethv^)alninQ^P^■hv^^ carham;.^A 




10 



Stgp 3- 

See Method as for Example 42. Yield = 2.09 g, 75%; 
rap 67.5-68.5'C; 
15 IR (film): 1766 (CO, carbonate), 1616 and 1594 

(aromatic CH) ; 1523 (NOj) ; 1493; 1347 (NO2) ; 1248, 
1213, 863 cm-l; 

NMR (CDCI3): 5 5.45 (2H, s, C^HjO; 6.98-7.07 (IH, m, 
aromatic CH) ; 7.18-7.25 (IH, m, aromatic CH) ; 7.30-7.43 
20 (IH, m, aromatic CH) ; 7.38 (2H, d, J - 9.2 Hz, CH meta 

to NO2); 8.28 (2H, d, jI - 9.2 Hz, CH ortho to NOj) ; 
Analysis calculated for C^jBgNOgS: 

C, 51.61; H, 3.25; N, 5.02%. 
Found: C, 51.56; H, 3.20; N, 4.94*. 

25 

Step 2 

See Method as for Example 42. Product 
chromatographed on normal phase silica using 2% MeOH in 
CH2CI2 followed by crystallization from ether gave pure 
30 product (220 mg, 95%) ; mp 125-127<»C; 

[Qf]g° - +5.70 (c - 0.5 MeOH); 

IR (film): 3327 (br, NH) , 1713, 1651, 1494, 1456, 
1247, 1068, 740, 699 cm'^; 

NMR (CDCI3): 5 1.32 (3H, d, J - 6.9 Hz, CH3CH) ; 1.62 
35 (3H, s, CCSa); 3.24 (IH, d, ji - 14.7 Hz, one of C^a 

indole); 3.51 (IH, d, jl - 14.8 Hz, one of CHj indole); 
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5.01 (IH, p, jI = 7.1 Hz, NHCHCH3); 5.19 (IH, d, 
il = 12.8 Hz, one of CH2O); 5.25 (IH, d, J - 12.8 Hz, 
one of CH2O); 5.33 (IH, s, OCONE) ; 6.30-6.40 (IH, br.d, 
CONHCH); 6.77 (IH, s, indole Cjg) ; 6.93-7.30 (lOH, m, 
aromatics); 7.33 (IH, d, J - 8.0 Hz, indole C^-H) ; 
7.57 (IH, d, jI - 7.8 Hz, indole C4-H) ; 7.95 (IH, s, 
indole NH) ; 

MS m/e (CI*): 462 (M++H, 0.2%), 461 (M*, 0.2%) , 418 
(2%), 348 (3%), 304 (3%), 244 (4%), 191 (2%), 130 
(30%), 114 (34%), 97 (100%), 85 (47%); 

Analysis calculated for C26H27N3O3S: 

C, 67.66; H, 5.90; N, 9.10; S, 6.95%. 

Found: C, 67.38; H, 5.82; N, 9.02; S, 7.08%. 



2.3-Dihvdro-lH-inden-3-vl fr - (r*.s*)1 - ridH-indni- 
3-Vlinethvl) -l-mefchvl-2-nyn-2- f (nhen vlethvl^ ami nol - 
ethvll carbamate 



See Method for Example 42. Product unstable on 
standing and unable to obtain a pure crystalline 
sample. A sairple about 90% by NMR was used as soon as 
possible for Step 2. 



See Method for Example 42. Crude product 
chromatographed using normal phase silica using 
1.5% MeOH in CHjClj then rechromatographed using 




Step 2 
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35% EtOAc in hexane to give pure product (1:1 mix of 
diastereoisomers, 30 mg, 12%) ; nqp 75-80 •C; . 
[a]g° = +13.8" (c = 0.5 MeOH); 

IR (film): 3331 (br, NH) , 3057, 2976, 2935, 1705 (CO, 
5 urethane) , 1653 (CO, amide), 1494, 1458, 1376, 1341, 
1248, 1070, 742, 700 cm"^; 

NMR (CDCI3) mix of 2 diastereoisomers: 6 1.31 (1.5H, 
CH3CH of one diastereoisomer, d, J = 6.9 Hz); 1.39 
(1.5H, d, jI = 6.9 Hz, CH3CH of one diastereoisomer); 

10 1.61 and 1.62 (each 1.5H, each s, CH3C for both 

diastereoisomers); 2.00-2.10 (IH, m, CH of indane) ; 
2.40-2.55 (IH, m, CH of indare) ; 2.80-2.90 (IH, m, CH 
of indole); 3.00-3.15 (IH, m, CH of indole); 3.22 
(0.5H, d, J - 14.7 Hz, one of CHj indole for one 

15 diastereoisomer); 3.27 (0.5H, d, J » 14.6 Hz, one of 
CH2 indole for one diastereoisomer); 3.47 (0.5H, d, 
•I - 14.1 Hz, one of CHj indole for one diastereo- 
isOTierH 3.49 (0.5H, d, J = 14.0 Hz, one of CHj indole 
for one diastereoiscaner) ; 4.98-5.12 (IH, m, CHCH3) ; 

20 5^20 (IH, s, OCONH); 6.10-6.15 (IH, m, CHOCO) ; 

6.40-6.50 (IH, m, CONHCH) ; 6.80 and 6.84 (each 0.5H, 
each s, each half of Cj-H, indole); 7.05-7.43 (12H, m, 
aromatics) ; 7.59 (IH, d, il = 8.0 Hz, indole C7-H) ; 7.96 
and 8.00 («ach 0.5H, each s, each half of indole NH) ; 

25 MS m/e (FAB): 5043 (iT+Na, 20%), 482.3 (M*+H, 12%), 

4383 (4%), 366.2 (55%), 322.2 (100%), 304.2 (36%); 
Analysis calculated for C3qH33^N303: 

C, 74.82; H, 6.49; N, 8.73%. 
Found: C, 74.62; H, 6.46; N, 8.66%. 



30 
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EXAMPLE 45 

i-NaphtHalenvlmenhvl fR- fp* « *) i . n - nw-jn ^^i - 
g-Ylmgthyl ) -i-mer.hv1 -?-oxo-2. r m ■p >io nvl^rh.ri ^ .m^p ^^ 
ethvn carbamat-f* 




S^ep 1 

See Method for Exanple 42. Crystallization of 
product from crude residue using EtOAc followed by 
washing with 10% citric acid solution (2 x 30 mL) and 
multiple water washes gave pure product (2.37 g, 73%); 
mp 150. 5-152. 5»C; 

IR (film): 1752 (C - O), 1615, 1595 (aromatic C-H) ; 
1536 (NO2); 1360 (NO2); 1281 cm"!; 

NMR (DMSO-dg): 6 5.48 (2H, s, Ar CHjO; 7.50-7.65 (3H, 
m, aromatics CH) ; 7.59 (2H, d, il = 9.2 Hz, meta to No'2 
group); 7.90-8.05 (4H, m, aromatic CH) ; 8.32 (2H, d, 
•I = 9.1 Hz , ortho to NO2 group) ; 
Analysis calculated for C18H13NO5: 

C, 66.87; H, 4.05; N, 4.33%. 
Found: C, 66.74; H, 4.06; N, 4.27%. 

Step 2 

See Method for Example 45. Crude product 
chromatographed on normal phase silica using 3% 
MeOH/CH2Ci2 then crystallized from ether to give pure 
product (220 mg, 87%); mp 121-122«C; 
[Qflg° » +21. 2« (c - 0.5, MeOH); 
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IR (film): 3342 (br) , 3052, 2924 and 2926 (CH, str) ; 
1717 (CO, urethane) ; 1653 (CO, amide); 1495, 1457, 
1250, 1073, 819, 742 cm"^; 

NMR (CDCI3) : 6 1.28 (3H, d, J = 6.9 Hz, CH3CH) ; 1.63 
(3H, s, CH3C) ; 3.26 (IH, d, J - 14.7 Hz, one of CHj 
indole); 3.48 (IH, d, J - 14.7 Hz, one of CHj indole); 
5.00 (IH, p, jI = 7.0 Hz, NHCHCH3); 5.24 (IH, d, 
jI = 12.5 Hz, one of CHjO) ; 5.26 (IH, d, jl = 12.1 Hz, 
one of CHjO) ; 5.40 (IH, s, OCONH) ; 6.30-6.40 (IH, br.d, 
CONHCH) ; 6.74 (IH, s, indole C2-a) ; 7.05-7.30 (7H, m, 
aromatics) ; 7.31 (IH, d, J - 8.0 Hz, indole C7-H) ) ; 
7.40-7.52 (3H, m, aromatics); 7.58 (IH, d, jl = 8.4 Hz, 
indole C4-H) ) ; 7.75-7.85 (5H, m, aromatics cuid indole 
NH) ; 

MS m/e (FAB): 506.3 (M*+H, 100%), 462.3 (5%), 429".l 
(15%), 401.0 (14%), 37_6.2 (18%) 341.4 (50%), 304.2 
(54%), 281.1 (34%), 257.3 (34%); 

Analysis calculated for C32H3]^N303: 

C, 76.02; H, 6-18; N, 8.31%. 

Found: C, 75.88; H, 6.19; N, 8.28%. 

EXAMPLE 46 

2.3-Dihydro-lH-inden-2-Yl Tl- (lH-indol-3-ylmethyl) - 
l-methyl-2-oxo-2- f (1-phenylethyl) aminoT ethyll carbamate 



See Method for Exeunple 42. Product crystallized 
from EtOAc and washed with ether to give product 
(1.8 g, 60%); mp 110 .5-113. 5°C; 
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IR (film): 1765 (CO), 1616, 1594 (aromatic C-H) ; 1525, 
1349 (NOj); 1261; 1226; 1187; 858 cm'^; 
NMR (DMSO-dg) : 6 3.21 (2H, d,d, il - 17 and 2.8 Hz 
CHaHbCHCH^^Hb; 3.41 (2H. d.d, J - 17 and 6.1 Hz, 
5 CH^HbCHCH;^) ; 5.51-5.62 (IH, m, CHOCOO) ; 7.18-7.32 

(4H, m, aromatic H) ; 7.37 (2H, d, J = 9.2 Hz, H's meta 
to NO2 group); 8.27 (2H, d, il = 9.2 Hz, H's ortho to 
NO2 group) ; 

Analysis calculated for CigHigNOg: 
10 C, 64.21; H, 4.38; N, 4.68%. 

Found: C, 64.36; H, 4.38; N, 4.68%. 

Step 2 

See Method for Exanple 42. Used 180 mg (0.6 mmol) 
15 of carbonate. Crude product chroma tographed using 
normal phase silica using 2% MeOH/CH2Cl2 then 
crystallized from ether to give product (170 mg, 71%); 
mp 152-157«C; 

ta]g2 « +15.3' (C = 1, MeOH); 
20 IR (film): 3326 (br, NH str) , 2924 and 2852 (CH, str) , 
1705 (CO ure thane ) , 1652 (CO, amide), 1494, 1457, 1252, 
1073, 819, 741 cm*^; 

NMR (CDCI3) : 6 1.35 {3H, d, jl = 6.9 Hz, CH3CH) ; 1.58 
(3H, s, CCH3) ; 2.90-2.98 {2H, m, indane CH) ; 3.20-3,32 
25 (3H, m, 2 indane CH and one of CHj indole); 3.46 (IH, 

d, J = 14.5 Hz, one of CH2 indole); 5.02 (IH, p, 
jI - 6.9 Hz, NHCHCH3); 5.20 (IH, s, OCONH) ; 5.38-5.48 
(IH, m, CHOCONH) ; 6.30-6.40 (IH, br.d, CONHCH) ; 6.87 
(IH, s, indole, C2H) ; 7.10-7.35 (12H, m, aromatic CH3) ; 
30 7.59 (IH, d, ^ = 8.1 Hz, indole C4-H) ; 8.00 (IH, s, 

indole NH) ; 

m/e (CI+) : 482 (M*-+H, 6%) , 348 (14%) , 304 (11%) , 244 
(12%), 145 (14%) 134 (78%), 130 (72%), 117 (100%). 105 
(88%), 91 (24%); 
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Analysis calculated for C30H31N3O3: 

C, 74.82; H, 6.49; N, 8.73%. 
Found: C, 74.72; H, 6.50; N, 8.76%. 

EXAMPLE 47 

(2 -Fluorophenvl) me thyl TR- (R* . S*) 1 - Tl- flH-indol- 

3 - vlmethvl ) - 1 -methvl - 2 - oxo- f 1 -phenvlethvl ) aminol ethvl 1 

carbamate 




H,C, 

O 




NH 

CH3 



Stgp 1 

See Method for Exainple 42. Crude residue 

chroznatographed using 10% EtOAc in hexane on normal 
20 phase silica then cxrystallized from ethyl acetate to 

give pure product (0.990 g, 34%); mp 84-84. 5**C; 

IR (film): 1752 (CO, carbonate), 1526 (NO2) , 758 cm"^; 

NMR (CDCI3): 5 5.38 (2H, s, PhCHj) ; 7.08-7.23 (2H, m, 

aromatic CH) ; 7.32-7.54 (2H, m, aromatic CH) ; 7.39 (2H, 
25 d, a « 9.2 Hz, CH meta to NOj) ; 8.27 (2H, d, 

il = 9.2 Hz, CH's ortho to NOj) ; 

Analysis calculated for C3^4H3^qN05F: 

C, 57.73; H, 3.46; N, 4.81%. 

Pound: C, 57.77; H, 3.52; N, 4.81%. 

30 

gtgP 2 

See Method for Exaii^le 42 except used 174 mg 
(0.6 mmol) of carbonate. Crude product chromatographed 
on normal phase silica using 2% MeOH/CH2Cl2 then 
35 crystallized from ether to give pure product (96 mg, 

41%) ; mp 107-lll^C; 
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ta]g2 _ +8« (c - 0.25, MeOH) ; 

IR (film) : 3338 (br, NH) , 1713 (CO, urethane) ; 1652 
(CO, amide), 1494, 1456, 1341, 1233, 1111, 1071, 909, 
743 cm^^; 

5 NMR (CDCI3): 6 1.30 (3H, d, il - 6.9 Hz, CH3CH) ; 1.62 

(2H, S, CH3C); 3.26 (IH, d, si » 14.7 Hz, one of CH2 
indole); 3.47 (IH, d, jl = 14.9 Hz, one of CH2 indole); 
5.01 (IH, p, il = 7.1 Hz, NHCgCHg); 5.13 (IH, d, 
J = 12.5 Hz, one of CH2O); 5.19 (IH, d, J - 12.8 Hz, 

LO one of CH2O) ; 5.38 (IH, s, OCONg) ; 6.35 (IH, d, 

si = 7.6 Hz, NHCH); 6.81 (IH, d, J - 2.2 Hz, indole 
CjH) ; 7.00-7.38 (12H, m, aromatics) ; 7.58 (IH, d, 
jI = 7.8 Hz, indole C4-H) ; 8.00 (IH, s, indole NH) ; 
MS m/e (CI*) : 474 (M*+H, 5%) , 348 (20%) , 347 (10%) , 

15 304 (9%), 281 (8%), 244 (32%), 219 (8%), 199 (9%), 158 

(9%), 131 (23%), 130 (100%), 109 (57%), 105 (27%), 97 
(16%) ; 

Analysis calculated for C2^^2^2^2^' 
C, 71.02; H, 5.96; N. 8.87%. 
20 Found: C, 71.16; H, 6.01; N, 8.87%. 



" ^-PiiT-^^nyiTn^thvl fT?- fT?*.S*n - fl- ( IH- indol - 3 - ylrngthyl ) - 

1 -n,^Mnvi-2-Qyn-7.- \ (1 -p be>nviet:hv3 ) aminoi ethvH Carbamate 

25 



EXAMPLE 48 



30 




gtgP 1 

See Method for Example 42. Product 
chromatographed using 14% EtOAc/Hexane then 
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crystallized from EtOAc to give pure product 
(1.87 mg, 71%); mp 56.5-57.5«»C; 

IR (film): 1766 (CO, carbonate), 1617, 1594, 1525, 
1348 (NO2) , 1214, 1161, 863 cm*^; 

NMR (030X3): a 5.18 (2H, s, PhCHj) ; 6.51 (IH, d, 
il = 1.1 Hz, furan C4-H) ; 7.37 (2H, d, jI = 9.2 Hz, CH 
meta to NO2) ; 7.45 (IH, s, furan or C5-H) ; 7.57 (IH, 
s, furan or C5-H) ; 8.27 (2H, d, il = 9.2 Hz, CH ortho 
to NO2) ; 

Analysis calculated for Ci2H9N0g: 

C, 54.76; H, 3.45; N, 5.32%. 
Found: C, 54.68; H, 3.45; N, 5.32%. 

Step 2 

See Method for Exainple 42 except used 158 mg 
(0.6 mmol) of carbonate. Crude product chromatographed 
using normal phase silica with 1% MeOH 
n-dichloromethane as eluent then crystallized from 
ether to give product (164 mg, 74%); mp 126-128*»C; 
[Of] = +4.9' ( C = 1 , MeOH) ; 

IR (film) : 3332 (br, NH) , 1709 (CO, urethane) , 1652 
(CO, amide), 1495, 1456, 1247, 1066, 1020, 874, 
742 cm"^; 

NMR (CDCI3) : 5 1.32 (3H, d, jl = 6.9 Hz, CHCH3) ; 1.61 
(3H, s, CCH3) ; 3.25 (IH, d, jI = 14.7 Hz, one of CHj 
indole); 3.45 (IH, d, il = 14.8 Hz, one of CH2 indole); 
4.93 (2H, s, CH2O) ; 5.02 (IH, p, J = 7.2 Hz, NHCHCH3) ; 
5.32 (IH, s, OCONH); 6.30-6.40 (IH, m, CHNH) ; 6.37 (IH, 
s, furan C4-H) ; 6.81 (IH, d, J = 2.2 Hz, indole C2H) ; 
7.05-7.35 (9H, m, aromatics) ; 7.43 (IH, s, furaui CB) ; 
7.58 (IH, d, jI = 7.8 Hz, indole C4-H) ; 8.02 (IH, s, 
indole NH) ; 
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MS m/e (CI+) : 446 (M*+l, 7%), 445 (2%), 402 (12%), 316 
(11%), 304 (26%), 253 (12%), 244 (6%), 199 (8%), 191 
(10%), 131 (23%), 130 (100%), 105 (51%), 81 (34%); 

Analysis calculated for C26H27N3O4: 
5 C, 70.10; H, 6.11; N, 9.43%. 

Found: C, 70.13; H, 6.13; N, 9.46%. 

EXAMPLE 49 

2-Furanvlmethvl TR. (R*.S*n - fl- (lH-indol-3-vlinet-,hYl ^ - 
0 l-methvl-2-oxo-2- f (1 - phenyl et hvl) a minol ethyll carbamat--f> 



15 




Step I 

See Method for Example 42, however, product was 
vms table and no pure sample was obtained. Used in the 
next step after chromatography on normal phase silica 
using 12.5% EtOAc/Hexane estimated purity >90%; 
NMR (CDCI3) : 5 5.26 (2H, s, CH2O) ; 6.37-6.45 (IH, m, 
H4 on ring); 6.54 (IH, d, J = 3.2 Hz, H3 on ring); 7.38 
(2H, d, il = 9.2 Hz, H meta to NOj Group); 7.43-7.50 
(IH, m, H5 on ring); 8.27 (2H, d, i = 9.1 Hz, H ortho 
to NO2 group) ; 

30 SipQp Z 

See Method for Example 42 except used 158 mg 
(0.6 mmol) of carbonate. Crude product chromatographed 
on normal phase silica using 1% MeOH/CH2Cl2 then 
crystallized from ether to give product (95 mg, 43%) ; 

35 mp 133-140. S'C; 

[a]g^ - +9.0' (c = 0.5, MeOH); 



20 



25 
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IR (film): 3331 (br, NH) , 1713 (CO, urethane) , 1652 
(CO, amide), 1495, 1248, 1068, 742 cm"^; 
NMR (CDCI3) : 6 1.33 (3H, d, il « 6.9 Hz, CHCH3) ; 1.61 
(3H, s, CCH3) ; 3.24 (IH, d, jI = 14.7 Hz, one the CHj 
indole); 3.46 (IH, d, J = 14.8 Hz, one of CHj indole); 
4.95-5.10 (3H, m, CH2O and CONHCH) ; 5.31 (IH, s, 
OCONH) ; 6.30-6.40 (3H, m, CONHCH, furan C3 and C4-H) ; 
6.80 (IH, d, il = 7.2 Hz, indole C2H) ; 7.05-7.35 (8H, m, 
aromatics) ; 7.38 (IH, s, furan C5-H) ; 7.57 (IH, d, 
il - 8.1 Hz, indole C4-H) ; 7.99 (IH, s,. indole NH) ; 
MS m/e (CI+: 446 (M++1, 23%), 445 (M*, 11%), 402 
(66%), 348 (16%), 316 (16%), 304 (82%), 253 (22%), 244 
(24%), 191 (36%), 130 (100%), 105 (88%), 81 (49%); 
Analysis calculated for C2gH27N304: 

C, 70.10; H, 6.11; N, 9.43%. 
Pound: C, 70.09; H, 6.16; N, 9.37%. 



(3-Pluoroph envl)methvl TR- (R* .S*) 1 - Tl- (IH-indol- 
3-vlmethvl) -i-meth vl-2-Qxo-2- f (1-nhenvlethvl) amino! - 
ethvll carbamate 



To a stirred solution of 3 - f luorobenzyl alcohol 
(189 mg, 1.5 mmol) and triphosgene (178 mg, 0.6 mmol) 
under an atmosphere of Nj at 0«C (ice bath) in CHjClj 
(10 mL, anhydrous) was added a solution of pyridine 
(119 mg, 1.5 mmol) in CHjClj (2 mL, anhydrous). IR 
recorded after 5 and 30 minutes indicated no cheuige 
with chloroformate at 1776 cm'^. Solvent removed \inder 
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vacuum at 20*'C using a 20% NaOH trap for excess 
phosgene, added EtOAc (20 mL) , and filtered of pyridine 
hydrochloride. Removed solvent iinder reduced pressure 
and added eJaout half of chlorof ormate to a stirred 
5 solution of a-metryptophanyl-i-phenethyl amide (160 mg, 
0.5 mmol) and pyridine (40 mg, 0.5 mmol) in THF (20 mL, 
anhydrous) . Precipitate formed immediately and after 
5 minutes indicated no starting amine remaining. 
Removed solvent under reduced pressure and added 50 mL 

10 of EtOAc. Organic phase washed successively with 10% 
citric acid solution (2 x 30 mL) , HjO (30 mL) , 
saturated NeaiC03 (2 x 30 mL) , (2 x 30 mL) , brine 

(30 mL) , then dried over MgS04. Product recrystallized 
from' ether to give pure product (0.2 g, 84%); mp 

15 109-112. S'C; 

[a]gl*C . +8.5«» (c - 1, MeOH); 

IR (film): 3334 (br, NH str) , 1717 (CO, urethane) , 
1653 (CO, amide); 1592, 1491, 1456, 1256, 1070, 
744 cm"^; 

20 NMR (CDCI3): 6 1.29 (3H, d, J » 6.9 Hz, CH3CH) ; 1.63 

(3H, s, CH3C) ; 3.27 (IH, d, jI = 14.8 Hz, one of C^^ 
indole); 3.46 (IH, d, - 14.6 Hz, one of Cgj indole); 
4.95-5.05 (IH, m, NHCHCH3) ; 5.05 (2H, s, CHgO) ; 5.46 
(IH, s, OCONH) ; 6.29 (IH, d, J, - 7.3 Hz, CONHCH) ; 6.81 

25 (IH, s, indole Cj-H) ; 6.95-7.30 (IIH, m, aromatics) ; 

7.34 (IH, d, jI - 8.0 Hz, indole C7-H) ; 7.58 (IH, d, 
3. - 7.9 Hz, indole C4-H) ; 8.01 (IH, s, indole NH) ; 
MS m/e (CI*): 475 (M+, 2.27%), 474 (M*-+H, 85%); 473 
(M*-, 13%); 353 (12%); 348 (14%); 348 (14%); 344 (28%); 

30 305 (16%); 304 (67%); 281 (29%); 244 (23%); 199 (14%); 

131 (44%) ; 130 (100%) ; 
Analysis calculated for C28H2SN3O3F: 

C, 71.02; H, 5.96; N, 8.87%. 
Pound: C, 71.01; H, 6.00; N, 8.87%. 

35 
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EXAMPLE 51 

(4-Fluorophenvl)met:hvl fR- fR* .S*n - Tl - flH-indol- 
3-Ylmethvl) -l-methvl-2-QXQ-2 - f f l-nhenvlethvl) aminnl - 
ethvncaT•haTTw^*» 



See Method for Example 50. Crystallization from 
ether gave pure product (191 mg, 81%); mp 101-lll«»C; 
[a]§^ = +7.9 (c - 0.5, MeOH) ; 

IR (film) : 3327 (br, NH str) , 1716 (CO, urethane) ,_ 
1653 (CO, amide), 1511, 1457, 1225, 1071, 825, 
743 can'^; 

NMR (CDCI3): 6 1.29 (3H, d, J - 6.9 Hz, CH3CH) ; 1.62 

(3H. s. CH3C); 3.26 (IH, d, il - 14.8 Hz, one of CHj 
indole); 3.46 (IH, d, jl = 14.8 Hz, one of CHj indole); 
4.95-5.05 (IH, m, CONCHCH3); 5.02 (2H, s, CSjO) ; 5.39 

(IH, s, OCONH); 6.25-6.35 (IH, br.d, CONHCH) ; 6.80 (IH, 
s, indole C2-H) ; 6.95-7.30 (IIH, m, aromatics) ; 7.34 

(IH, d, jI = 7.8 Hz, indole C7-H) ; 7.58 (IH, d, 

J = 7.9 Hz, indole C4-H) ; 7.99 (IH, s, indole NH) ; 

MS m/e (CI*): 475 (M*+2, 22%), 474 (M*+H, 68%), 473 

(M*, 10%),, 430 (35%), 348 (29%), 344 (31%), 305 (22%), 
304 (83%), 281 (23%), 244 (36%), 131 (60%), 130 (100%); 
Analysis calculated for C28H28N3O3F: 

C, 71.02; H, 5.96; N, 8.87%. 
Found: C, 70.80; H, 5.93; N, 8.69%. 



5 



10 
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EXAMPLE 52 

(2.3-PifluQrophenvl)Tnethvi tr- (n*.s*)^. ri - (iH-lndoi - 

-l-mechVl-2-oxo- f (l-phenvlethvl^ a minol f>t^^y^^. 

carbamate 



See method for Example 50. Crude product 
chromatographed using 2% MeOH/CHjClj the crystallized 
from ether to give pure product (232 mg, 94%) ; 
mp 96-102«»C; 

ta]2l = +6.7» (c = 0.5, MeOH); 

IR (film) : 3336 (br, NH str) , 1716 (CO, urethane) , 
1652 (CO, amide), 1492, 1457, 1288, 1250, 1069, 
741 cm-^; 

NMR (CDCI3): 6 1.29 (3H, d, J - 6.9 Hz, CB3CH) ; 1.60 
(3H, s, CCHa); 3.27 ^H, d, J » 14.7 Hz, one of CHj 
indole); 3.46 (IH, d, jl - 14.6 Hz, one of CHj indole); 
4.95-5.05 (IH, m, NHCHCH3); 5.13 (IH, d, jj = 13.0 Hz, 
one of CH2O); 5.18 (IH, d, jI = 13.4 Hz, one of CHgO) ; 
5.49 (IH, s, OCONH); 6.29 (IH, d, il = 7.2 Hz, NHCH) ; 
6.84 (IH, s, indole CjH) ; 6.95-7.35 (IIH, m, 
aromatics); 7.58 (IH, d, il = 7.7 Hz, indole C4-H); 
8.10 (IH, s, indole NH) ; 

MS m/e (CI*): 493 (M*+2, 10%), 492 (M*+l, 4%), 491 
(M+, 5%), 371 (11%), 348 (19%), 305 (17%), 304 (54%), 
299 (18%), 244 (22%), 199 (12%), 144 (40%), 130 (98%), 
127 (100%) , 105 (78%) ; 
Analysis calculated for C28H27N3O3F2: 
C, 68.42; H, 5.54; N, 8.55%. 
Found: C, 68,43; H, 5.64; N, 8.51%. 



F 
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EXAMPLE 53 

(2.4-Pifluorophenvl)methvl FR- fR*.s*n - fi- (iH-indni - 
3-Ylmgthvl) -1 -methvl-2-oxQ-2- r (i-p henvlethvl) amino! - 
ethvllgarhamarp 

5 




See Method for Example 50. Crude product 
chromatographed using 2% MeOH/CHjClj then crystallized 
frcMii ether to give pure product (240 mg, 98%) ; 
15 mp 77-87«»C; 

[a]g^ - +5.6 (C - 1, MeOH) ; 

IR (film) : 3332 (br, NH str) , 1713 (CO, urethane) , 
1651 (CO, amide), 1507, 1250, 1140, 1101, 1071, 
742 cm-^; 

20 NMR (CDCI3): 6 1.29 (3H, d, jl - 6.9 Hz, CH3CH) ; 1.03 

(3H, s, CCH3); 3.27 (IH, d, jI - 14.7 Hz, one of CHj 
indole); 3.46 (IH, d, J = 14.9 Hz, one of CHj indole); 
4.95-5.05 (IH, m, CHCH3) ; 5.09 (2H, s, CH2O) ; 5.43 (IH, 
S, OCONH) ; 6.23-6.33 (IH, br.d, CONHCH) ; 6.75-6.90 (3H, 

25 m, aromatics) ; 7.05-7.35 (9H, m, aromatics) ; 7.58 (IH, 

d, il = 7.8 Hz, indole C4-H) ; 8.01 (IH, s, indole NH) ; 
MS m/e (CI+) : 493 (M*+2, 11%), 492 (M++1, 40%), 491 
(M*, 7%), 448 (12%), 361 (26%), 348 (15%), 304 (56%), 
299 (15%), 244 (33%), 199 (14%), 144 (36%), 131 (45%), 

30 130 (100%), 127 (93%), 105 (70%); 

Analysis calculated for C28H27N3O3F2 : 
C, 68.42; H, 5.54; N, 8.55%. 
Found: C, 68.66; H, 5.63; N, 8.45%. 



35 
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EXAMPLE 54 

(2,?-DifiuQrophenvl)methvl fp - (r*.s*) 1 - n- (iH--inrio-| - 
3-Ylmgl;hYl) -l-mgthYl-2-oxo-2- f f1 -nhenvl^rhvl ^ ^mjp ^ i - 
ethvn carhamaro 



F 



10 




See Method for Example 50. crystallization from 
ether gave pure product (229 mg, 95%); mp 121-122"C; 
[a]g^ = +6.0 (c = 0.5, MeOH); 

IR (film) : 3336 (br, NH str) , 1721 (CO, urethane) , 
1656 (CO, amide), 1496, 1457, 1246, 1191, 1144, 1072, 
909, 741 cm-^; 

NMR (CDCI3): d 1.29 (3H, d, J - 6.9 Hz, CB3CH) ; 1.64 
(3H, s, CCH3); 3-28 (IH, d, jI - 14.7 Hz, one of CHj 
indole); 3.47 (IH, d, J - 14.0 Hz, one of CHj indole); 
4.95-5.05 (IH, m. NHCHCH3); 5.08 and 5.14 (each IH, 
each d, each one of CH2O, jJ = 13.4 Hz); 5.51 (IH, s, 
OCONH); 6.28 (IH, d, il = 7.6 Hz, CONHCH) ; 6.85 (IH, d, 
il = 2.1 Hz, indole CjH) ; 6.90-7.33 (lOH, m, aromatics) ; 
7.34 (IH, d, J = 8.0 Hz, indole C7-H) ; 7.58 (IH, d, 
il = 7.8 Hz, indole C4-H) ; 8.05 (IH, s, indole NH) ; 
MS m/e (Cr): 493 (M*+2, 14%), 492 (M++1, 55%), 491 
(M*, 6%), 362 (12%), 348 (31%), 347 (17%), 304 (39%), 
244 (40%), 131 (50%), 130 (100%), 127 (65%), 105 (66%); 
Analysis calculated for C28H27N3O3F2: 
C, 68.42; H, 5.54; N, 8.55%. 
Found: C, 68.17; H, 5.46; N, 8.35%. 
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EXAMPLE 55 

Phenvlmethvl fR-rR *.S*n anrt rs-(R*.R*n- 

11- (lH-indagol-3-vlmethvl-W 2-QXQ-2- ^(l-phenvle^,hv^^- 

aminol ethvll carbaTna^A 



10 




step 1: N-Benzvloxveai-bo nvltrYpt-a7:an 

A mixture of tryptazan (PD 018111) (0.09 g, 
0.44 inmol) , sodium hydrogen carbonate (0.13 g, 
1.55 mmol) , dibenzyldi carbonate (0.18 g, 0.63 mmol) , 
water (5 mL) , amd dioxcui (5 mL) was stirred at roc»n 
temperature overnight. The mixture was diluted with 
water, washed twice with ether, acidified with IN 
hydrochloric acid, and extracted with ethyl acetate. 
The combined extracts were washed with water, dried 
over MgS04, filtered, and evaporated to dryness. 
Recrystallization from ethyl acetate/hexane gave 
colorless crystals (0.12 g) . 



25 step 2: Phenvlme thvl rR-fR*.S*)1 and rs-(R*.R*n- 

n- (lH -indazol-3-vlmefchvl-^ -2-nyn- 
2- r (1 - Phenyl e th vl ) aminol ethvll carbamate 
To a solution of N- benzyl o^carbonyl tryptazan 
(0.12 g, 0.35 mmol) in ethyl acetate (20 mL) was added 
30 hydroxybenzotriazole hydrate (0.058 g, 0.38 mmol) 
followed by dicyclohexylcarbodiimide (0.075 g, 
0.36 mmol) . After stirring at room temperature for 
3 hours, the mixture was filtered and (S) -a-methyl- 
benzylamine (0.055 g, 0.45 mmol) in ethyl acetate 
35 (5 mL) was added to the filtrate. After stirring at 

rocxn temperature overnight, the reaction mixture was 
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washed with saturated sodium bicarbonate solution, IN 
hydrochloric acid, and water. The solution was then 
dried over magnesium sulphate, filtered, and evaporated 
to dryness. The residue was purified by reverse phase 
5 chromatography eluting with methanol /water mixtures to 
give the title con5>ound (0.070 g, 45%); mp 116-120<'C; 
NMR (300 MHz, CDCI3) : 5 1.23 (3H, d, il » 6.9 Hz); 3.32 
(IH, dd, jI - 15.0, 7.3 Hz); 3.59 (IH, ddd, J = 15.0, 
9.7, and 4.8 Hz); 4.70-4.80 (IH, m) ; 4.85-4.95 (IH, m) ; 

10 5.11 (2H, s); 6.14 (0.5H d, J = 7.4 Hz); 6.20 (0.5H, d, 

il = 7.1 Hz); 6.60-6.85 (IH, m) ; 6.90-7.40 (14H, m) ; 
7.70-7.80 (IH, m) ; 
Analysis calculated for C26H26N4O3: 

C, 70.57; H, 5.92; N, 12.66%. 

15 Pound: C, 70.41; H, 5.97; N, 12.60%. 

EXAMPLE 56 

Phenvlmethvl fR-(R*.S*)1 and rs- (R* .R*) 1 - fi- f fs-fluoro- 
lH-indol-3-vl)methvn -2-qxq-2- r (i-phenvlethvl) aminol - 
20 ethvn carbamate 



25 




F 



Step 1: N-Benzyloxycarbonyl - 5 - f luoro- RS - tryptophan 
Dibenzyldicarbonate (0.39 g, 3.1 romol) was 

30 dissolved in dioxan (15 mL) and added to a stirred 
suspension of 5- f luoro tryptophan (0.58 g, 2.6 mmol) 
emd sodixim bicarbonate (0.67 g, 8.0 mmol) in water 
(15 mL) . After stirring at room temperature overnight, 
the reaction mixture was diluted with water and washed 

35 with ether twice, acidified with IN hydrochloric acid, 
and extracted three times with ethyl acetate. The 
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combined extracts were washed with water, dried MgS04, 
sulphate, filtered, and evaporated. Recrystallization 
from ethyl acetate and hexane gave colorless crystals 
(0.75 g, 81%); inp 126-128«»C; 
5 NMR (300 MHz, DMSO-dg) : 6 2.96 (IH, dd, J - 14.4 and 

9.6 Hz); 3.14 (IH, dd, jl » 14.5 and 4.4 Hz); 4.15-4.25 
(IH, m) ; 4.97 (2H, s) ; 6.90 (IH, dt, jj - 9.2 and 
2.5 Hz); 7.10-7.35 (8H, m) ; 7.55 (IH, d, il - 8.1 Hz) ; 
10.94 (IH, s); 12.6 (IH, bs) ; 
10 Analysis calculated for C19H17FN2O4: 
C, 64.04; H, 4.81; N, 7.86. 
Found: C, 64.02; H, 4.80; N, 7.84. 

Step 2: Phenvlmethvl TR- (R* .S*) 1 and TS- (R* .R*) 1 - 

15 n- r (5-fluoro-lH-indol-3-vl)methvn -2-Q3cr>- 

2 - r ( 1 -Phenvlethvl ) aminol ethvl T carbamate 
To a solution of N-benzyloxycarbonyl-5-fluoro- 
tryptophan (0.15 g, 0*42 mmol) in ethyl acetate (25 mL) 
was added 1-hydroxybenzotriazole hydrate (0.066 g, 

20 0.43 mmol) followed by dicyclohexylcarbodiimide 
(0.089 g, 0.43 mmol). After stirring at room 
temperature for 2 hours, the mixture was filtered and 
to the filtrate was added a solution of (S) -a-methyl- 
benzylamine (0.065 g, 0.54 mmol) in ethyl acetate 

25 (5 mL) - After stirring at room ten^jerature for 

48 hours, the solution was washed with saturated soditun 
bicarbonate solution, IN hydrochloric acid solution, 
and water. After drying over magnesium sulphate, the 
solution was filtered, dried, and evaporated. The 

30 residue was purified by reverse phase chromatography to 
give the title covapound (0.15 g, 78%); rap 152-155«'C; 
NMR (300 MHz, CDCI3) : 6 1.18 (1.5H, d, il - 6.9 Hz); 
1.32 (1.5H, d, il » 6.9 Hz); 3.00-3.15 (IH, m) ; 
3.20-3.35 (IH, m); 4.35-4.50 (IH, m) ; 4.90-5.05 (IH, 

35 m) ; 5.10 (2H, s) ; 5.35-5.50 (IH, m) ; 5.70-5.80 (IH, m) ; 
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6.78 (0.5H, d) ; 6.90-7.05 (3.5H, m) ; 7.20-7.35 (lOH, 
m) ; 7.80 (0.5H, s) ; 8.02 (0.5H, S) ; 
Analysis calculated for C27H26FN3O3: 
C, 70.57; H, 5.70; N, 9.14%. 
5 Found: C, 70.67; H, 5.67; N, 9.09%. 

EXAMPLE 57 

Phenvlmethvl n- (l-methvl-lH-ind ol-3-vlmetihvn -2-niro- 
2- f (1-phenvlethvl) aminol ethyll carbama^-^ 

10 



15 




Step 1: CBZ - 1 -methvl -PL- tlrvn^,ftphan 

1 -Methyl -Ei- tryptophan was suspended in HjO/dioxan 
(20 mL) and NaHCOj (0.072 g, 8 mmol) added. A solution 

20 of dibenzyldicarbonate (1.37 g, 4.8 mmol) was added and 
the reaction was stirred at room temperature overnight. 
The solution was diluted with water then washed with 
ether. The aqueous was then acidified to pH 1 with 
concentrated HCl and extracted with ethylacetate . The 

25 combined organic extracts were washed with water, dried 
over MgS04, ^'^^ solvent removed in vacuo. The 
brown oil obtained was purified by reverse phase 
chromatography (0.800 g, 65%); rap 58-60«»C; 
ta]J° =0 (c = 0.25, MeOH) ; 

30 IR (film) : 1716 (urethane CO) , 1507 cm'^ (amide II) ; 

NMR (DMSO-dg): 6 2.99 (IH, dxd, J = 14.7, 9.5 Hz, one 
of /SCHj); 3.16 (IH, dxd, J - 14.7 and 4.5 Hz, one of 
jSCHj); 3.71 (3H, s, NCH3) ; 4.32 (IH, m, aCH) ; 4.97 (2H, 
s, £2J2Ph) ; 7.01-7.65 (IIH, m, aromatic protons, 

35 urethane NH) ; 12.65 (IH, s, br, COjH) ; 
MS m/e (CI) : 353 MH+; 
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Analysis calculated for C20H20N2O4: 

C, 68,17; H, 5.72; N, 7.95%, 
Found: C, 67.80; H, 5.86; N, 8.19%. 

Step 2: CBZ - 1 -Methvl •> PL- tryptophan- l-^) - 

CBZ - 1 -methyl -PL- tryptophan (0.39 g, 1.2 mmol) , 
HBTU (0.91 g , 1.2 mmol ) , and diisopropylethylaitiine 
(0.42 mL, 2.4 inmol) were dissolved in DCM (3 mL) and 
the solution stirred for 10 minutes at room 
temperature. The (±) -a-methylbenzylamine (0.15 mL, 
1.2 mmol) was added and the reaction was stirred for a 
further 4 hours. The solvent was removed in vacuo and 
the resulting residue redissolved in ethylacetate . The 
organic was washed with 5% HCl, 5% NaHC03, water, and 
brine. The organic layer was then dried over MgS04 and 
the solvent removed in vacuo. The crude material was 
purified by mediiam pressure chromatography, ethyl - 
acetate/hexane (0.076 g, 14%); mp 69 .5-71.8<^C; 
[a]l^ « 0 (c = 0.25, MeOH) ; 

IR (film): 1712 (urethane CO), 1687 (urethane CO), 

1652 (amide I) , 1548 cm"^ (amide II) ; 

NMR (DMSO-dg) : 6 1.23, 1.34 (3H, 2xd, J - 6.9 and 

7.5 Hz, CH3); 2.84-3.19 (2H, m, iSCH2) ; 3.66; 3.71 (3H, 

2xs, N-CH3); 4.32-4.37 (IH, m, CH) ; 4.86-4.97 (3H, m, 

PhCH2. CH) ; 6.87-7.66 (16H, m, Ph x 2, indole 

aromatics, urethane NH) ; 8.32-8.41 (IH, 2xd, J « 7.7 

and 7.9 Hz, amide NH) ; 

MS m/e (CI) : 456.3 MH+; 

T^alysis calculated for C28H29N3O3: 

C, 73.82; H, 6.42; N, 9.22%. 
Pound: C, 73.89; H, 6.57; N, 8.95%. 
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EXAMPLE 58 

Phenvlmethvl fR- (r* . s*) i - n- f:>-nanhthai«>nvnnpi-h.ri - 

2 -QXP-2 - r f 1 -Phenvlmfithvl ) aminnT elihvl 1 rar^hama^«» 



5 




Step 1: CB2-D-3- fl-nanhbhv n alanine 

See Method for CBZ- 1 -methyl -2Ij- tryptophan in 
Exan5)le 57 (0.17 g, 22%); 

IR (film) : 1709 (urethane CO) , 1532 cm"^ (amide II) ; 
15 NMR (DMSO-dg): 5 2.97-3.23 (2H, m, /SCHj) ; 4.32 (IH, m, 

aCH); 4.94 (2H, s, PhQIj) ; 7.21-7.89 (13H, m, 
aromatics , urethane NH) . 

Step 2: CBZ-D-3- (2-naPhthvl) alanine-3- ( - ) -ty-m^Mnyl - 
20 benzvl amine 

See Method as for the 1 -methyl -PL- tryptophan 
derivative (0.081 g, 14%); zap 100. 2-102. 7«»C; 
[Q!]g° = -26*> (c = 0.25, MeOH) ; 

IR (film): 1709 (urethane CO), 1656 (amide I), 
25 1537 cm'^ (amide II) ; 

NMR (DMSO-dg): 6 1.24 (3H, d, J - 7.0 Hz, CH3) ; 2.97 
(IH, dxd, J = 13.4 and 9.9 Hz, one of /5CH2) ; 3.13 (IH, 

dxd, J » 13.4 and 5.0 Hz, one of /SCHj) ; 4.42 (IH, m, 

aH, methylbenzylamine) ; 4.89 (3H, m, Phfillj, aCH) ; 
30 7.23-7.48 (14H, m, naphthyl ^2,6.1' ' urethane NH) ; 

7.84 (4H, m, naphthyl H^^^ 5^3) ; 8.38 (IH, d, 

^ - 8.0 Hz, amide NH) ; 

MS m/e (CI) : 453 MH+; 

Analysis calculated for CjgHjsNjOj: 
35 C, 76.34; H, 6.41; N, 6.36%. 

Pound: C, 76.74; H, 6.22; N, 6.06%. 



wo 94/04494 



PCr/US93/07552 



-118- 
EXAMPLE 59 

l-Phgnvlethvl N- f fnhenvlmer,hnxv)carbQn v n -DL-^■rYp ^r^yV,ar^ 



5 




To a solution of N-benzyloxycarbonyl-Rg- tryptophan 
(1.07 g, 3.16 mraol) , (s) -sec-phenethyl alcohol (0.39 g, 
3.19 nanol) and dimethylaminopyridine (0.04 g, 
0.33 inmol) in ethyl acetate (60 mL) was added 
dicydohexylcarbodiimide (0.65 g, 3.16 mmol) . After 
stirring at room temperature overnight, the mixture was 
filtered and evaporated to dryness. Purification by 
column chromatography eluting with 2% ethyl acetate in 
dichloreme thane gave a colorless gum (i.i g, 79%); 
NMR (300 MHz, CDCI3) : 6 1.41 and 1.49 {3H, two d, 
3. = 6.5 Hz); 3.10-3.30 (2H, m) ; 4.70-4.80 (IH, m) ; 
5.00-5.15 (2H, m); 5.20-5.35 (IH, m) ; 5.80-5.95 (IH, 
two m); 6.49 and 6.89 (IH, two 8); 7.00-7.35 (13H, m) ; 
7.42 (0.5H, d, il = 8.0 Hz); 7.55-7.60 (0.5H, m) ; ' 
7.81-7.94 (IH, two s) ; 
Analysis calculated for C27H26N2O4: 

C, 73.29; H, 5.92; N, 6.33%. 
Found: C, 73.03; H, 6.01; N, 6.21%. 



-119- 



EXAMPLE €0 

PhgnylpietnYl n- (benzQfbl thien--?-vlmetihvH -i-merhyi - 
2-03CQ-2- f (l-Phenvlethvl^ain inoTethvncarbamal^ft 




Step 1: Methyl N- CBZ - Q?-mgt-, hvl - 3 -benzothionhf^nylalan j Tif> 

A solution of methyl a-methyl-3-ben20thiophenyl- 
alanine (Horwell, et al., WO9204025 Al. March 19, 1992) 
(0.5 g, 2.0 mmol) , sodlvim hydrogen carbonate (0.50 g, 
6.00 mmol), dibenzyldi carbonate (0.7 g, 2.4 mmol), 
water (10 mL) , and dioxan (10 mL) was stirred at rown 
temperature overnight. The reaction mixture was 
diluted with water and ether. The organic phase was 
separated, washed with water, dried over MgS04, 
filtered, and evaporated to dryness. Purification by 
colxomn chromatography eluting with 2% ethyl acetate in 
dichloromethane gave an oil (0.6 g, 78%); 
NMR (300 MHz, CDCI3) : 5 1.68 (3H, s) ; 3.48 (IH, d, 
J = 14.5 Hz); 3.60-3.75 (4H, m) ; 5.05-5.20 (2H, m) ; 
5.53 (IH, bs) ; 6.94 (IH, s) ; 7.20-7.40 (7H, m) ; 
7.65-7.75 (IH, m) ; 7.80-7.85 (IH, m) ; 
Analysis calculated for C21H21NO4S: 

C, 65.78; H, 5.52; N, 3.65%. 
Found: C, 65.85; H, 5.50; N, 3.49%. 

Step 2: N-CBZ-Qf-methvl - 3 -henzothion henvlalaninA 

A solution of methyl N-CBZ-a-methyl-3-benzothio- 
phenylalanine (0.6 g, 1.57 mmol), lithixom hydroxide 
hydrate (0.14 g, 3.33 mmol) in water "(20 mL) , and 
dioxeui (20 mL) was stirred at room temperature 
overnight. The reaction mixture was diluted with 
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water, washed with ether, acidified with IN 
hydrochloric acid, and extracted with ethyl acetate 
three times. The combined extracts were washed with 
water, dried over magnesium sulphate, filtered, and 
5 evaporated to dryness. Crystallization from 

ether/hexane gave colorless crystals 0.48 g (83%); 
mp 133-135^0; 

NMR (300 MHz, CDCI3) : 6 1.28 (3H, s) ; 3.27 (IH, d, 
jI « 14.4 Hz); 3.59 (IH, d, )I « 14.4 Hz); 5.02 (IH, d, 
10 jI = 12.6 Hz); 5.08 (IH, d, ^ ^ 12.3 Hz); 7.25-7.40 

(8H, m) ; 7.75 (IH, d, i = 7.9 Hz); 7.90-8.00 (IH, m) , 
12.6 (IH, s); 

Analysis calculated for C20H19NO4S: 

C, 65.02; H, 5.15; N, 3.79%. 
15 Found: C, 64.99; H, 5.15; N, 3.80%. 

Step 3: Phenvlmethvl fl- (benzo Tbl thien-3-vlroethvl) - 

l-methvl-2-Qxo-2- (1> phenyl ethyl) amino! ethyll - 
carbamate 

20 To a solution of N-CBZ-a-methyl-3 -benzothiophenyl- 

alanine (0.12 g, 0.33 mmol) in ethyl acetate (10 mL) 
was added hydroxybenzotriazole hydrate (0.055 g, 
0.36 mmol) and followed by dicyclohexylcarbodiimide 
(0.072 g, 0.35 mmol). After stirring at room 

25 teirperature for 15 minutes, the mixture was filtered 
and (s) -sec-phenylethylamine (0.051 g, 0.42 mmol) in 
ethyl acetate was added to the filtrate. After 
stirring at room temperature overnight, the mixture was 
diluted with ethyl acetate and washed with saturated 

30 soditjm hydrogen carbonate solution, IN hydrochloric 

acid solution and water. The solution was dried over 
magnesii2m sulphate, filtered, and evaporated to 
dryness. Purification by column chromatography eluting 
with dichloromethane/ethyl acetate 98:2 and 

35 crystallization from ether gave colorless crystals 

(0.09 g, 58%); mp 147-150«C; 
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NMR (300 MHz, DMSO-dg) : « 1.20-1.40 (6H, m) ; 3.30-3.60 
(2H, m) ; 4.85-4.95 (IH, m) ; 5.05 (2H, s) ; 7.00-7.40 
(14H, m); 7.75-7.90 (IH, m) ; 7.90-7.95 (IH. m) ; 8.0 and 
8.1 (IH, two d) . 



PhePYlwethvl FR- (R*.R*n - n- f4.R -dihvdrn-4-phenvl.:^- 
thiazplY-X) -2- (lH-indol-3-vl> -l-methvlgrhv n earbamai-.^ 



A solution of Z-of-Me-R-tryphophanyl-R-phenyl- 
glycinol (0.14 g, 0.30 mmol) in toluene (20 mL) was 
treated with Lawesson's reagent (0.2 g, 0.5 mmol) and 

20 the mixture heated at reflux for 90 minutes. The crude 
reaction mixture was loaded onto a silica gel column 
and eluted with CH2CI2, then EtaO. Further 
purification was then carried out using reverse phase 
silica gel and 85% MeOH in HjO as eluant to give the 

25 product as a white foam (0.08 g, 57%); mp 64-66*C; 
[Of]g° « -30 (£ = 0.25, MeOH); 

IR (film): 3391, 1715, 1617, 1496, 1456 cm"^; 
NMR (DMSO-dg) : 5 1.41 (3H, s) ; 2.94 (IH, br.t) ; 3.30 
(IH, obscured by H2O) ; 3.54 (IH, d, jl = 13. 9 Hz); 3.71 

30 (IH, br.t); 5.09 (2H, m) ; 5.46 (IH, m) ; 6.92 (IH, t, 

il = 7.1 Hz); 7.00-7.39 (13H, m) ; 7.53 (IH, d, 
il « 7.8 Hz); 7.58 (IH, br.s) ; 10.92 (IH, br.s) ; 
Analysis calculated for C28H27N3O2S'0.25H2O: 
C, 70.93; H, 5.85; N, 8.86%. 

35 Found: C, 70.93; H, 5.73; N, 8.84%. 



EXAMPLE 61 



10 



o 
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EXAMPLB 62 



(See Scheme X) 



10 



15 



20 



25 



Phenvlme thvl f l - ( cvanomethvl ) - 1 - (IH - indol - 3 - vlmehhyl ) - 
2-QXQ-2- r (l-Phenvlethvl)aminol -efchyll carbamate 



RS-Tryptophanmethylester (2.03 g, 9.30 mmol) was 
stirred and dissolved in formic acid (15 mL) at room 
temperature. To this was added acetic anhydride 
(4.4 mL, 46.5 mmol) in one portion and the mixture 
stirred for 2.5 hours. The solution was poured into 
water UOO mL) euid the mixture neutralized by the 
addition of Na2C03. The product was extracted into 
EtOAc (2 X 100 mL) emd the combined extracts washed 
with saturated NaHC03 solution (50 mL) and once with 
brine (50 mL) . The EtOAc solution was dried over 
MgS04, filtered, and the solvent removed in vacuo to 
give the product as a syrup. This was crystallized 
from 50% EtOAc/50% n-hexane as a white solid (1.55 g, 
68%) ; mp 113-119<>C; 

IR (film): 3370, 2920, 1740, 1672, and 1212 cm"^; 
NMR (CDCI3) : 6 3.29-3.41 (2H, m, CE2 indole); 3.71 

(3H, s, CO2CH3) ; 5.00-5.05 (IH, m, CHjCg) ; 6.13 (IH, b, 
NHCHO) ; 6.98 (IH, s, indole -Hj ) ; 7.09-7.21 (2H, m, 
indole - HgHg ) ; 7.35 (IH, d, il = 8.0 Hz indole - H7 ) ; 7.53 

(IH, d, J - 7.8 Hz, indole-H4); 8.14 (IH, s, NHCHO); 
8.20 (IH, b, indole-NH) . 
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gtgp 2 

N- Formyl - RS - t ryptophanmethylea ter (1.50 g, 
6.09 inmol} was stirred and dissolved in anhydrous DMF 
(20 mL) and cooled in an ice bath. 4-Dimethylainino- 
5 pyridine (0.075g, 0.61 mmol) was added followed by 

dropwise addition of ditertbutyldicarbonate (1.33 g, 
6.09 mmol) in anhydrous DMF (20 mL) added over 1 hour. 
The cold solution was stirred for 18 hours with slow 
rewarming to room temperature. The mixture was poured 

10 into water (300 mL) and extracted with EtjO (3 x 100 

mL) . The combined EtjO extracts were washed with water 
(3 X 100 mL) , dried over MgS04, filtered and the 
solvent removed in vacuo. The residue was purified by 
chromatography on silica using 50% n-hexane/50% EtOAc 

15 as eluant giving the product as a white solid (1.71 g, 
81%) ; mp 61-62<^C; 

IR (film): 3306, 2979, 1733, 1688, 1454, 1371, and 
1158 cm'^; 

0 

20 II 

NMR (CDCI3) : 6 1.66 (9H, s, COC(C3i3)3); 3.20-3.34 (2H, 

m, CH2 indole); 3.71 (3H, s, 002023); 4.98-5.04 (IH, m, 

CH2CHCO2CH3) ; 6.32 (IH, d, J = 7.4 Hz, NHCHO) ; 

7.20-7.33 (2H, m, indole-HgHg) ; 7.39 (IH, s, indole- 

25 H2); 7.48 (IH, d, »! = 7.9 Hz, indole - H4 ) ; 8.09 (IH, d, 

il « 8.1 Hz, indole - H7 ) ; 8.18 (IH, s, NHCHO). 

Step 3 

BOC-N-f ormyl-RS-tryptophanmethylester (3.25 g, 
30 9.38 mmol) was stirred and dissolved in CHjClj (75 mL) 

and cooled in an ice bath, Et3N (7.84 mL, 56.28 mmol) 
was added followed by a solution of triphosgene 
(1.02 g, 3.44 mmol) in CH2CI2 (25 mL) added dropwise 
over 45 minutes. The cold solution was stirred for 
35 3 hours with slow rewarming to room temperature. The 
CH2CI2 solution was then washed with 5% citric acid 
solution (3 X 25 mL) , saturated NGLHCO3 solution (25 mL) 
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and brine (25 mL) , dried over MgS04, filtered, and the 
solvent removed in vacuo. The residue was purified by 
chromatography on silica using 67% n-hexane/33% EtOAc 
as eluant giving the product as an off-white solid 
5 (2.26 g, 73%); mp 90-91^C; 

IR (film): 2980, 2149, 1760, 1733, 1454, 1372, 1157, 
and 1088 cm*^; 

NMR (CDCI3) : a 1.67 (9H, s, COCiCQ^)^); 3.28 (IH, dd, 

10 I 

H = 14.7 and 8.0 Hz, CHH indole); 3.41 (IH, dd, 
J = 14.7 and 4.9 Hz, CHH indole); 3.79 (3H, s, CO2CH3) ; 
4.54-4.58 (IH, m, CH2CHCO2CH3) ; 7.23-7.36 (2H, m, 
indole - HgHg ) ; 7.50 (IH, d, il = 7.8 Hz, indole - H4 ) ; 

15 7.59 (IH, s, indole-Hj); 8.16 (IH, d, J = 8.2 Hz, 

indole ^H7) . 

gtgp 4 

1 , 3 -Dimethyl -3,4,5- tetrahydro- 2 ( IH) -pyrinidinone 

20 (DMPU) (0.121 mL, 1.0 mmol) was added to a stirred 

solution of the isonitrile (0.328 g, 1.0 mmol) in 
anhydrous THP (10 mL) at -78<*C. To this was added 
lithiumnhexamethyldisilazide (1.1 mL, 1.0 mmol, 
1.1 mmol) and the mixture stirred for 30 minutes. 

25 Bromoacetonitrile (0.077 mL, 1.1 mmol) was added and 
the mixture stirred for 1 hour at -78**C and then at 
room temperature for 1.5 hours. The mixture was poured 
into water (25 mL) and extracted with EtjO (2 x 25 mL) , 
the combined extracts washed once with brine (25 mL) , 

30 the EtjO dried over MgS04, filtered, and the solvent 

removed in vacuo. The residue was purified by 
chromatography on silica using 75% n-hexane/25% EtOAc 
as eluant giving the product as a white solid (0.315 g, 
86%) ; mp 92-93*>C; 

35 IR (film): 2981, 1737, 1454, 1371, 1259, and 

1156 cm*^; 
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NMR (CDCI3): fi 1.68 (9H, s, €020(0113)3); 2.98 (IH, d, 
si = 16.7 Hz, indole CHH) ; 3.09 (IH, d, il = 16.8 Hz 
indole Clffl) ; 3.47 {2H, d, jl - 3.7 Hz, CH2CN) ; 3.76 (3H, 
S, CO2CH3); 7.24-7.37 {2H, m, indole - HgHg ) ; 7.51 (IH, 
5 d. si - 7.6 Hz, indole-H^); 7.62 (IH, s, indole- Hj ) ; 
8.15 (IH, d, jI - 8.1 Hz, indole-H7); 
Analysis calculated for C20H21N3O4: 

C, 65.38; H, 5.76; N, 11.44%. 
Found: C, 65.23; H, 5.90; N, 11.36%. 

10 

4.7 M HCl in 1,4-dioxan (1.0 xnL, 4.7 mmol) was 
added to a stirred solution of the isonitrile (0.413 g, 
1.12 mmol) in EtOAc (10 mL) cooled to S^C. To this 

15 mixture v&b added water (1.0 mL) and the solution 

stirred at room temperature for 1 hour. The solvents 
were removed in vacuo and the residual solid 
partitioned between saturated NaHCOj solution (10 mL) 
and EtOAc (2 x 25 mL) . The combined EtOAc extracts 

20 were washed once with brine (25 mL) , dried over MgS04, 
filtered, and the solvent removed in vacuo. The 
residue was purified by chromatography on silica using 
50% n-hexane/50% EtOAc as eluant giving the product as 
a syrup (0.301 g, 75%). 

25 IR (film): 3380, 2979, 2256, 1734, 1454, 1370, 1258, 

1157 cm"^; 

O 

NMR (CDCI3) : 6 1.67 (9H, s, NCOC(CH3)3); ^-^S (2H, bs, 
30 NH2) ; 2.74 (IH, d, jl= 16.5 Hz, CHHCN) ; 2.89 (IH, d, 

il = 16.4 Hz, CHHCN); 3.12 (IH, d, jl = 14.3 Hz, indole 
CIQi) ; 3.25 (IH, d, si = 14.2 Hz, indole CHH); 3.69 (3H, 
S, CO2CB3) ; 7.22-7.35 (2H, m, indole - HsHg ) ; 7.46 (IH, 
s, indole - H2 ) ; 7.52 (IH, d, jl = 7.6 Hz, indole-H4) ; 
35 8.13 (IH, d, si 8.1 Hz, indole - H7 ) ; 
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Analysis calculated for Cj^gH23N3040* 3H2O: 

C. 63.85; H, 6.49; N, 11.76%. 
Pound: C, 63.82; H, 6.64; N, 11.49%. 



5 St9P $ 

The amine (0.561 g, 1.57 mmol) was stirred and 
dissolved in 1,4-dioxan (10 inL) and water (0.5 mL) 
added. Na2C03 (0.832 g, 7.85 mmol) was added followed 
by benzylchlorof ormate (0.448 mL, 3.14 mmol) and the 
10 reaction stirred at room temperature for 1 hour. The 

1,4-dioxan was removed in vacuo and the residue 
partitioned between EtOAc (50 mL) and brine 
(2 X 25 mL) . The EtOAc solution was dried over MgS04, 
filtered, and the solvent removed in vacuo. The 
. 15 residue was purified by chromatography on silica using 
67% n-hexane/33% EtOAc as eluant to give the product as 
a syrup (0.662 g, 86%); 

IR (fi4m) : 3342, 2929, 2253, 1732, 1454, 1372, 1156, 
1089 cm'^; 

20 O 

I 

NMR (CDCI3) : a 1.66 (9H, s, COC(CH3)3) ; 3.24-3.34 (2H, 
m, C|i2CN) ; 3.47-3.62 (2H, m, CE2 indole); 3.67 (3H, s, 
CO2CH3); 5.14 (2H, s, PKCH^zOCO) 5.78 (IH, s, MHCOO) ; 
25 7.15-7.20 (IH, m, indole); 7.28-7.43 (12H, m, Ar) ; 8.10 

(IH, d, jI = 8.4 Hz, indole - H7 ) ; 
Analysis calculated for C27H29N30g: 

C, 65.97; H, 5.95; N, 8.55%. 
Found: C, 65.72; H, 6.01; N, 8.29% 

30 

Step 7 

The BOC protected ester (0.119 g, 0.24 mmol) was 
stirred and dissolved in CH2CI2 (2 mL) at room 
temperature. Trifluoroacetic acid (1.0 mL) was added 
35 and the mixture stirred at room temperature for 

2 hours. The solvents were removed in vacuo to give 
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the product as a syrup which formed a foam out of EtjO 
(0.078 g, 87%) ; 

IR (film): 3358, 2254, 1718, 1457 cm^^; 
NMR (CDCI3) : 5 3.27 (IH, d, J » 6.2 Hz, CHHCN) ; 3.32 
5 (IH, d, il = 8.8 Hz, CHHCN); 3.53-3.63 (2H, m, Cfij 

indole); 3.70 (3H, s, CO2CH3) ; 5.11 (IH, d, 
il = 12.1 Hz, OCHHPh) ; 5.21 (IH, d, jl = 12.1 Hz, 
OCHHPh) ; 5.87 (IH, s, NHCOO) ; 7.22-7.45 (lOH, m, 
indole, Cgfig) ; 8.17 (IH, d, i = 8.2 Hz, indole-NH) ; 

10 

gt^gp 8 

LiOH-HjO (0.040 g, 0.95 mmol) was added to a 
stirred solution of the methylester (0.070 g, 
0.19 mmol) in THFtHjO (4 mL, 3:1 mixture) at room 
~~15 teii?)erature . The mixture was stirred at room 

temperature for 16 hours and the THF removed in vacuo. 
The residue was diluted with water (10 mL) and 
extracted once with EtjO (10 mL) . Th& aqueous solution 
was made pH 4 with 5% citric acid solution and the 
20 product extracted into EtOAc (3 x 10 mL) . The CCTibined 
EtOAc extracts were dried over MgSQ^, filtered, and the 
solvent removed in vacuo giving the product as a foam 
(0.045 g, 65%) ; 

IR (film): 3401, 2586, 1712 cm"^; 

25 NMR (CDCI3) : 5 3.25-3.37 (3H, m, CH2CN, CHH indole); 

3.54-3.59 (IH, m, CHH indole); 5.05 (IH, d, 
il » 12.3 Hz, OCHHPh); 5.14 (IH, d, J = 12.1 Hz, 
OCHHPh); 5.76 (IH, b, NHCOO); 6.89 (IH, s, indole-Hj) ; 
7.02-7.16 (2H, m, indole - HgHg ) ; 7.28-7.31 (6H, m, 

30 indole, CgHg) ; 7.58 (IH, d, J = 7.7 Hz, indole), 8.24 
(IH, s, indole-NH) ; 

Step 9 

N,N' -dicyclohexylcarbodiimide (0.028 g, 
35 0.138 mmol) was added to a stirred solution of the acid 
(0.045 g, 0.125 mmol) and 1-hydroxybenzotriazole 
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monohydrate (0.023 g, 0.150 mmol) in EtOAc (2 inL) . The 
mixture was stirred for 2 hours at room temperature and 
the N,N' -dicyclohexylurea filtered off. A solution of 
(S) - (-) -Qf-methylbenzylamine (0.023 g, 0.188 mmol) in 
5 EtOAc (0.5 mL) was added and the mixture stirred at 
room ten^erature for 21 hours. The mixture was 
filtered and diluted with EtOAc (25 mL) and the EtOAc 
solution washed with 5% citric acid solution 
(2 x 10 mL) , once with saturated NaHC03 solution 

10 (10 mL) , and once with brine (10 mL) . The EtOAc 

solution was dried over MgS04, filtered, and solvent 
removed in vacuo. The residue was purified by 
chromatography on silica using 67% n-hexane/33% EtOAc 
as eluant giving the product as a white amoirphous solid 

15 (0,023 g, 40%) ; 

IR (film): 3337, 3033Lc 2931, 2251, 1717, 1656, 1496, 
1257 cm-^; 

NMR (CDCI3) : 6 0.98 (1.5H, d, ^ = 6.7 Hz, 0.5 ', 
1.29 (1.5H, d, ^ = 7.4 Hz, 0.5 CH3) ; 3.16-3.57 (4H, m, 

20 indole CH2, CH2CN) ; 4.82-4.95 (IH, m, PhCHNHCO) ; 

5.01-5.19 {2H, m, CHjPh) ; 5.55 (IH, d, jl = 8.9 Hz, 
NHCOO) ; 6.03 (0.5H, d, J = 7.3 Hz, 0.5 CONH) ; 6.12 
(0.5H, d, a. = 7.7 Hz, 0.5 CONH); 6.56 (0.5H, S, 
0.5 indole - H2 ) ; 6.97-7.37 (13. 5H, m, Ar) ; 7.54-7.61 

25 (IH, m, Ar) ; 7.98 and 8.29 (IH, two s, indole - NH) . 

Analysis calculated for C29H28N4O3: 

C, 72.48; H, 5.87; N, 11.66%. 
Found: C, 72.29; H, 5.97; N, 11.48%. 
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CLAIMS 



1. A confound of formula 




or a pharmaceutically acceptable salt thereof 
wherein 
R is phenyl, 
^0 pyridine, 

thiophene , 

furan, 

naphthalene, 
indole, 

^5 benzofuran, or 

benzothiophene each unsubstituted, 
mono-, di-, or trisubstituted by 
alkyl, 
hydroxy, 
20 alkoxy, 

NO2, 

halogen, 
NH2, or 
CF3; 

and r2 are each independently hydrogen or alkyl 
of from 1 to 4 atoms; 

R and R^, when joined by a bond, can form a ring; 
0 

X is wherein R^^ is hydrogen or alkyl of 

from 1 to 3 carbon atoms; 

R^ is hydrogen or {CH2)„R^3 where m is an integer 
of from 1 to 6 and r" is H, CN, NHj, N(CH3)2, or 
NHCOCH3; 

n is an integer of from 1 to 2; 



35 
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and R*^ are each independently hydrogen or alkyl 
of from 1 to 4 carbon atoms; 
75 q is an integer of from 0 to 1; and 

R^ is phenyl, 
pyridine , 
thiophene, 
furan, 

80 naphthalene, 

indole, 

benzofuran, or 

benzothiophene each iinsubstituted, or 
mono-, di-, or trisxibstituted by 
85 alkyl, 

hydroxy, 

alkoxy, 

NO2, 

halogen, 

90 NH2, or 

CF3; 

straight alkyl of from 1 to 8 carbons, branched 
alkyl of from 3 to 8 carbons, cycloalkyl of from 
5 to 8 carbons, or heterocycloalkyl . 

2. A compound according to Claim 1 wherein 
R is pyridine, 
thiophene, 
furan, 

5 naphthalene, 

indole, 

benzofuran, or 

benzothiophene each unsubstituted, mono-, 
di-, trisubstituted by 
10 alkyl, 

hydroxy, 

alkoxy, 

NO2, 
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halogen, 

15 NHj, or 

CP3; 

and are each independently hydrogen or alkyl 
of from 1 to 4 atoms; 

R and R^, when joined by a bond, cam form a ring; 
20 0 

II 11 

X IS wherein R-*--*- is hydrogen or alkyl of 

from 1 to 3 carbon atoms; 

is hydrogen or (CH2)mR^^ where m is an integer 
25- of from 1 to 6 and r" is H, CN, NHj, N(CH3)2, or 

NHCOCH3; 

n is an integer of from 1 to 2; 
R® is phenyl, 

pyridine , 
30 thiophene, 

furan, 

naphthalene, 
indole, 

benzofuran, or 
35 benzothiophene each unsubstituted, or 

mono-, di-, or trisiibstituted by 

alkyl, 

hydroxy, 

alkoxy, 
40 NO2, 

halogen, 

NHj, or 

CF3; 

O R^ 

« II I 

Y is -C-N- wherein R* is hydrogen or alkyl of from 

1 to 3 carbon atoms, 

-CO2-, 

-COCH2-, 

50 -CH2O-, 

-CHjNH- , 



wo 94/04494 



PCr/US93/07552 



55 



-133- 

-CH=CH-, 
-CH2CH2- $ 
-CHOHCH2-, 

N-B 

wherein B is nitrogen, 
CH, CHj, oxygen, or sulfur, D is 
nitrogen, oxygen, or sulfur, E is 
nitrogen, CH, CH2, p is an integer of 
from 3 to 4, and the dotted line 
indicates a double or single bond; 
and R*' are each independently hydrogen or alkyl 
of from 1 to 4 carbon atoms; 
q is an integer of from 0 to 1; and 
is phenyl, 
pyridine , 
70 thiophene, 

furam, 

naphthalene, 
indole , 

benzofuran, or 
'^^ benzothiophene each unsubstituted, or 

mono-, di-, or trisubstituted by 

alkyl, 

hydroxy, 

alkoxy, 
80 NO2, 

halogen, 

NHj, or 

CP3; 

straight alkyl of from 1 to 8 carbons, branched 
85 alkyl of from 3 to 8 carbons, cycloalkyl of from 

5 to 8 carbons, or heterocycloalkyl . 
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3 . A compound according to Claim 1 wherein 
R is phenyl, 
pyridyl, 
thiophene , 
f uran , 

5 naphthalene, 

indole each unsubstituted, or 
mono- or disubstituted by alkyl of 1 to 
3 carbons, methoxy, ethoxy, chlorine, 
fluorine, NH2, or CF3; 
10 and are each independently selected from 

hydrogen and methyl; 
0 

• " 11 

X xs -OC-NR^^ wherein R^^ is hydrogen or methyl; 

15 r3 is hydrogen or (CH2)|nR^^ where m is an integer 

of from 1 to 6 and r" is H, CN, NHj, N(CH3)2 
or NHCOCH3; 
n is 1; 
R® is phenyl, 
20 naphthyl, 

indole, or 
benzothiophene ; 
0 R* 

25 Y is -C-N- wherein R* is hydrogen or methyl, 

-CO2-, 

^ !? wherein B is CH, CH2, D is 

sulfur, and E is CH, CHj; 

R^ and R*^ are each independently hydrogen or 
30 methyl; 

q is an integer of from 0 to 1, and 
R^ is phenyl, 

substituted phenyl, or 
. cyclohexyl • 
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4. A compound according to Claim 1 wherein 
R is phenyl, 

thiophene 

furan each unsubstituted, or mono- or 
5 disubstituted by alkyl of 1 to 3 carbons, 

methoxy, ethoxy, chlorine, fluorine, NH2 
or CF3; 

and R2 are each independently hydrogen or 
methyl; 
10 O 

II 

X is -0-C-NH; 

is hydrogen or methyl; 
n is 1; 
15 R^ is indole; 

O O 

II II 
Y is -C-NH- or C-NCH3- 

R^ and r"^ are each independently hydrogen or 

methyl ; 

q is 1; 

R^ is phenyl, 

substituted phenyl, or 

cyclohexyl . 

5. A compound selected from: 

phenylmethyl (S) - [1- (lH-indol-3-ylmethyl) - 

2- [methyl (phenylmethyl) amino] -2-oxoethyl] - 
carbamate ; 

5 phenylmethyl [R- (R*S* ) 1 - [1 - ( IH- indol - 

3- ylmethyl) -2-oxo-2- [ (1-phenylethyl) amino] ethyl] - 
carbamate 

phenylmethyl [S-R*,R*) J - [1- (IH-indol- 
3-ylmethyl) -2-oxo-2- [ (1-phenylethyl) amino] -ethyl] 
10 carbamate; 
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phenylmethyl [S- (R*, R*) ] - [i- (iH-indol- 
3-ylmethyl) -l-methyl-2-oxo-2- t (1 -phenyl ethyl) - 
amino] ethyl] carbamate; 

phenylmethyl [S- {R*,R*) ] - [1- (IH-indol- 
3 - y Ime t hy 1 ) - 2 - oxo - 2 - [ (i - phenyle thyl ) amino ] ethyl ] 
methyl] carbeimate; 

phenylmethyl (S - (R* , S* ) ] - [1 - (IH- indol - 
3-ylmethyl) -2-oxo-2- [ (1-phenylethyl) amino] ethyl] 
methyl carbamate ; 

phenylmethyl ( S ) - (1 - (IH - indol - 3 - y Ime thyl ) - 
2- (methyl (phenylmethyl) amino] -2-oxoethyl] - 
carbamate; 

phenylmethyl (S) - (2- t [ (4 -chl or ©phenyl) - 
methyl ] amino] 1 - (IH- indol - 3 - ylmethyl ) - 2 - oxoethyl ] 
me thyl carbamate; and 

phenylmethyl (S) - [l- (IH- indol -3 -ylmethyl) - 
2-OXO-2- [ [ 14- (trifluoromethyl) phenyl] metfeyl] - 
amino] ethyl] methyl carbamate . 

A coirpound named phenylmethyl [R-(R*,S*)]- 
[1- (lH-indol-3-ylmethyl-l-methyl-2-oxo-2- 
n-phenylethyl) amino] ethyl] carbamate. 

A compound named (4-m6thoxyphenyl) methyl 
[R- (R*,S*) ] - [1- (IH- indol- 3 -ylmethyl) -1-methyl- 
2 - oxo- 2 - [ (1 -phenylethyl ) amino] ethyl] carbamate . 

A carapound named ( 4 -methylphenyl) methyl 
[R- (R*,S*) ] - [1- (IH- indol -3 -ylmethyl) -1-methyl- 
2 - oxo- 2 - [ ( 1-phenylethyl ) amino] ethyl ] carbamate . 

A coxt^ound named (4 -chlorophenyl) methyl 
(R- (R*,S*) ] - [1- (IH- indol -3 -ylmethyl) -i-methyl- 
2 - oxo- 2 - [ ( 1-phenylethyl ) amino] ethyl ] carbamate . 
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A coitpound neuned phenylmethyl [R- (R*,R*) ] - 
[2- [ (1-cyclohexylethyl) amino] -1- (iH-indol- 
3 - ylme t hyl ) - 1 - methyl - 2 - oxoethyl ] carbamate . 

A compound named phenylmethyl [R- (R*,S*) ] - [l- 
(lH-indol-3-ylmethyl) -2-oxo-2- [ (1- phenyl ethyl) 
amino] ethyl] carbamate . 

A compound selected from: 

methyl N- [ (phenylmethoxy) carbonyl] - , 
[3 , 5-bis (trifluoromethyl) phenyl] -L- tryptophan; 
phenylmethyl (l - { IH- indol - 3 - ylmethyl ) - 

1- methyl-2- [ [i- (4-methylphenyl) ethyl] amino] - 

2 - oxoethyl ] carbamate ; 

phenylmethyl [1- (IH- indol -3 -ylmethyl) - 

1- methyl-2 - [ [1- (4-methylphenyl) ethyl] amino] - 

2 - oxoethyl ] carbamate ; 

phenylmethyl [R- (R*, R*) ] - (2- t (l-cyclo- 
hexylethyl) amino] -1- (IH- indol -3 -ylmethyl) - 

1- inethyl-2 -oxoethyl] carbamate; 

phenylmethyl (R,RS) - [2- [ [l- [3,5- 
bis (trifluoromethyl) phenyl] ethyl] amino] -1- 
( IH- indol - 3 - ylmethyl ) - l -methyl - 

2 - oxoethyl] carbamate; 

phenylmethyl ( R , RS ) - [ 1 - { IH - indol - 3 - ylmethyl ) - 
2 - [ [ 1 - ( 4 -methoxyphenyl ) ethyl ] amino] - 1 -methyl - 
2 - oxoethyl ] carbamate ; 

( 3 - Fluorophenyl ) methyl [R- (R* , S* ) ] - 
[1- (IH- indol -3 -ylmethyl) - l-methyl-2 -oxo- 
2- t (1-phenylethyl) amino] ethyl] carbamate; 

(4 -Fluorophenyl) methyl [R- (R*,S*) ] - [l- 
(IH- indol -3 -ylmethyl) - l-methyl-2 -oxo- 
2- t (1-phenylethyl) amino] ethyl] carbamate; 

(2 , 3 -Dif luorophenyl ) methyl IR- (R* , S* ) ] - 
[1- (IH- indol -3 -methyl) - l-methyl-2 -oxo- 
[ (1-phenylethyl) amino] ethyl] carbamate; 
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{2,4-Difluorophenyl)methyl [R- {R*,S*) ] - 
30 [1- (lH-indol-3-ylmethyl) - 1 -methyl -2 -oxo- 

2- [ (l-phenylethyl) amino] ethyl] carbamate; 

(2,5-Difluorophenyl)methyl [R- (R*,S*) 1 - 
[1- (lH-indol-3-ylmethyl) - 1 -methyl -2- oxo- 

2- t (l-phenylethyl) amino] ethyl] carbamate; 

35 phenylmethyl [R-(R*,S*)] and tS-(R*,R*)]- 

[1- (lH-indazol-3-ylmethyl-) -2-OXO-2- [(l-phenyl- 
ethyl) amino] ethyl] carbamate; 

phenylmethyl [R-(R*,S*)] and [S-(R*,R*)]- 
[1- [ (5-fluoro-lH-indol-3-yl)methyl] -2-oxo- 
40 2 - [ (l-phenylethyl) amino] ethyl] carbamate; 

phenylmethyl [1- ( 1 -methyl -iH-indol- 

3- ylmethyl] -2-oxo-2- [ (l-phenylethyl) amino] - 
ethyl ] carbamate ; 

phenylmethyl [R- (R*, S*) ] - [1- (2-naphthalenyl- 
45 methyl-2-oxo-2- [ (1 -phenylmethyl) amino] ethyl] - 

carbamate ; 

phenylmethyl [1- (benzo [b] thien-3-ylmethyl) - 
1 -methyl -2 -oxo-2- [ (l-phenylethyl) amino] ethyl] - 
carbamate ; 

50 phenylmethyl [R- (R*,R*) ] - [1- (4 , 5-dihydro- 

4-phenyl-2- thiazoly-l) -2- (lH-indol-3-yl) - 1 -methyl - 
ethyl] carbamate ; 



13. A compound named 4-Pyridinylmethyl [1- (lH-indol- 
3-ylmethyl) -l-methyl-2-oxo-2- [ (l-phenylethyl) - 
amino] carbamate* 

14. A compound named 3-Thienylmethyl [R- (R*,S*) ] - [1- 
(lH-indol-3-ylmethyl) -l-methyl-2-oxo-2- [ (l-phenyl- 
ethyl ) amino] ethyl] carbamate • 



15. A conipound named 2-Thienylmethyl [R-(R*,S*)]- 
[1- (lH-indol-3-ylmethyl) -l-methyl-2-oxo- 
2 - [ ( 1 - phenyle thyl ) amino] ethyl ] carbamate • 
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A compound named 2 , S-Dihydro-lH-inden-S-yl- 
tR- (R*,s*)] - [l(lH-indol-3-ylmethyl) -1-methyl- 
2 -oxo-2 - [ (phenylethyl) amino] ethyl] carbamate . 

A compound named 2-Naphtlialenylmethyl [R-(R*,S*)]- 
[1- (lH-indol-3-ylmethyl) - 1 -methyl -2 -oxo- 
2 - [ ( 1 -phenylethyl ) amino] ethyl] carbamate • 

A compound named 2, 3-Dihydro-lH-inden-2-yl 
[1- (lH-indol-3-ylmethyl) -l-methyl-2-oxo- 
2- [ (1 -phenylethyl) amino] ethyl] carbamate. 

A coitpound named (2 -Fluorophenyl) methyl - 
[R- (R*,S*) ] - [1- (lH-indol-3-ylmethyl) - 1 -methyl - 
2 - oxo - [ 1 - phenylethyl ) amino] ethyl ] carbamate • 

A compound named 3-Furanylmethyl [R-(R*,S*)]- 
[1- (lH-indol-3-ylmethyl) - 1 -methyl -2- oxo-2- 
[ (1-phenylethyl) amino] ethyl] carbamate, 

A compound named 2 - Furanylmethyl [R, (R*,S*)]- 
[1- (lH-indol-3-ylmethyl) -l-methyl-2-oxo-2- 
[ (1-phenylethyl) amino] ethyl] carbamate. 

A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat respiratory disorders in a mammal suffering 
therefrom, and a pharmaceutically acceptable 
carrier. 

A method for treating respiratory disorders in a 
mammal comprising administering a therapeutically 
effective amount of a compound according to 
Claim 1. 
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24. A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat asthma in a mammal suffering therefrom, and 
a pharmaceutically acceptable carrier. 



25. A method for treating asthma in a mammal 
comprising administering a therapeutically 
effective amount of a compound according to 
Claim 1. 

26. A pharmaceuical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat inflammation in a mammal suffering 
therefrom, and a pharmaceuically acceptable 

5 carrier . 



27. A method for treating inflammation in a mammal 
conprising administering a therapeutically 
effective amount of a compound according to 
Claim 1. 



28. A pharmaceutical composition comprising an amount 
of a compound according to Claim l effective to 
treat arthritis in a mammal suffering therefrom, 
and a pharmaceutically acceptable carrier. 

29. A method for treating arthritis in a mammal 
conprising administering a therapeutically 
effective amount of a compound according to 
Claim 1. 



30. A pharmaceutical composition comprising an arnoimt 
of a compound according to Claim 1 effective to 
treat gastrointestinal disorders in a mammal 
suffering therefrom, and a pharmaceutically 
5 acceptable carrier. 
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A method for treating gastrointestinal disorders 
in a mammal con^^rising administering a 
therapeutically effective amount of a compound 
according to Claim 1. 

A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat ophthalmic diseases in a mammal suffering 
therefrom, and a pharmaceutical ly acceptable 
carrier • 

A method for treating ophthalmic diseases in a 
mammal comprising administering a therapeutically 
effective amount of a conpound according to 
Claim 1. 

A pharmaceutical conqposition comprising an amount 
of a compound according to Claim 1 effective to 
treat allergies in a mammal suffering therefrom, 
and a pharmaceutically acceptable carrier. 

A method for treating allergies in a mammal 
comprising administering a therapeutically 
effective amount of a compound according to 
Claim 1. 

A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat diseases of the central nervous system in a 
mammal suffering therefrom, and a pharmaceutically 
acceptable carrier. 

A method for treating diseases of the central 
nervous system in a mammal comprising 
administering a therapeutically effective amount 
of a compound according to Claim 1. 
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38. A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat migraine in a mammal suffering therefrom, 
and a pharmaceutically acceptable carrier. 



39 . A method for treating migraine in a mammal 
comprising administering a therapeutically 
effective amount of a compound according to 
Claim 1. 



40. A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat inflammatory pain or neurogenic inflammation 
in a mammal suffering therefrom, and a 
pharmaceutically acceptaJDle carrier. 

41. A method for treating inflammatory pain or 
Murogenic inflammation in a mammal comprising 
administration of therapeutically effective 
amounts of a conqpound according to Claim 1. 

42. A pharmaceutical composition comprising an amount 
of a compound according to Claim 1 effective to 
treat rheumatoid arthritis in a mammal suffering 
therefrom, and a pharmaceutically acceptable 
carrier. 



43. A method for treating rheumatoid arthritis in a 
mammal comprising administration of 
therapeutically effective amounts of a compound 
according to Claim 1. 
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44. A pharmaceutical composition comprising an amount 
of a compound according to Claim l effective to 
treat atherosclerosis in a mammal suffering 
therefrom, and a pharmaceutically acceptsUble 
carrier. 

45. A method for treating atherosclerosis in a mammal 
comprising administration of therapeutically 
effective amounts of a conqpound according to 
Claim 1. 

46. A pharmaceutical composition coir^rising an amount 
of a conpound according to Claim 1 effective to 
treat tumor cell growth in a mammal suffering 
therefrom, and a pharmaceutically acceptable 
carrier. 

47. A method for treating tumor cell growth in a 
maunmal conprising administration of 
therapeutically effective amounts of a compound 
according to Claim l. 

48. A diagnostic useful in imaging NK^ receptors 
in vivo. 

49 . A compound selected from the group consisting of : 

(R)-Trp (S) -NHCH(CH3) -phenyl, 
(R)-Qr-MeTrp (S) -NHCH(CH3) -phenyl, and 
(S)-Trp N(CH3)CH2 -phenyl. 

50. A conqpound of formula 

Ri 

I 

R-C- {R)a-MeTrp 
wherein R, R^, and R^ are as defined in Claim l. 
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